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(57) Abrege: La presente invention concerne des compositions de cellules tenocytes, notamment humaines, et des methodes pour 
leur preparation. Elle concerne e'galement Tutilisation de ces compositions pour Timplantation de tenocytes in vivo, pour le traite- 
ment de differentes pathologies. L'invention est plus particulierement relative a la production de suspensions de tenocytes humains, 
notamment autologues, des techniques pour leur conservation, leur modification genetique ex vivo ou in vivo, et leur utilisation in 
vivo pour restaurer des structures ligamentaires ou tendineuses affectees ou, plus generalement, pour le traitement et la refection de 
tout defaut cliniquement significatif des tendons, ligaments ou autres tissus biologiques comprenant des tenocytes ou une structure 
fibreuse. 
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COMPOSITIONS DE TENOCYTES. PREPARATION ET UTILISATIONS 

La presente invention concerne des compositions de cellules tenocytes, 
notamment humaines, et des methodes pour leur preparation. Elle conceme 

5 egalement I'utilisation de ces compositions pour I'implantation de tenocytes in 
vivo, pour le traitement de differentes pathologies. L'invention est plus 
particulierement relative a la production de suspensions de tenocytes humains, 
notamment autologues, des techniques pour leur conservation, leur modification 
genetique ex vivo ou in vivo, et leur utilisation in vivo pour restaurer des 

10 structures ligamentaires ou tendineuses affectees ou, plus generalement, pour le 
traitement et la refection de tout defaut cliniquement significatif des tendons, 
ligaments, muscles ou autres tissus biologiques comprenant des tenocytes ou 
une structure fibreuse. 

Le tendon est essentiellement compose de 30% de fibres de collagene et de 2% 
15 de fibres d'elastine, enveloppees dans une matrice extra-cellulaire contenant 
68% d'eau. Les differents composants du tendon sont : 

- les fibres de collagene de type I : composante majoritaire constituant 70% 
du poids sec du tendon. Leur disposition, parallele aux contraintes 
mecaniques, est responsable de la resistance du tendon aux forces de 

20 traction. 

- les fibres d'elastine, qui assurent la part d'elasticite du tendon. 

la matrice extra-cellulaire, composee de proteoglycanes, de glycoproteines 
et d'eau, et 

une composante cellulaire, rare, principalement representee par les 
25 tenocytes (fibroblastes differencies des tendons, aponevroses et 

ligaments). 

Le tendon est organise en structures de taiile croissante: 

- Fibres de collagene : L'unite de base du collagene est constitute par le 
30 tropocollagene. II s^git d'une longue proteine de 200 nm sur 1,5 nm, 
principalement de type I, formee par Tassemblage de 3 chaines alpha enroulees 
en triple helice. Le tropocollagene resulte de la polymerisation de molecules de 
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procollagene secretees par les tenocytes. L'assemblage de 5 unites de 
tropocollagene forme une fibrille de collagene. Plusieurs fibrilles paralleles, 
enveloppees par la matrice extra-cellulaire, forment une fibre de collagene (Fig. 
1). 

5 - Faisceaux de collagene : Les fibres de collagene se regroupent en faisceaux 
disposes dans I'axe du tendon. Les faisceaux sont separes par un tissu 
conjonctif lache, Tendotendon, contenant les elements vasculo-nerveux et 
permettant le glissement entre faisceaux (Fig. 2). 

- Le tendon proprement dit : La reunion des faisceaux, primaires et secondaires, 
10 constitue le tendon enveloppe par une membrane conjonctive, I'epitendon (ou 
peritenonium). 

Autour du tendon, les annexes sont constitutes par le paratendon, tissu; 
conjonctif lache assurant le soutien du tendon, ou par les gaines fibreuse r et 
is synoviale assurant le maintien et le glissement du tendon. La gaine synoviale est 
formee de deux feuillets constituant un espace de glissement. 

La vascularisation du tendon provient principalement de ses extremites. Elle: est 
assuree par des arterioles musculaires et periostees. II existe egalement un 
apport vasculaire provenant du mesotendon ou du paratendon dont I'importance 
20 est moindre. Ainsi, le tiers moyen du tendon, mal vascularise, constitue une zone 
critique au plan vasculaire, ce qui pourrait rendre compte de sa fragilite 
mecanique particuliere. 

Le tendon, tout comme les ligaments, est un tissu relativement fragile, qui subit 
de multiples alterations, soit de nature traumatique, soit liees au vieillissement. 

25 Ainsi, la structure du tendon se modifie physiologiquement avec 1'age et peut 
expliquer la fragilisation observee lors du vieillissement (1). Les facteurs de 
fragilisation tendineuse sont la diminution du nombre de tenocytes, la diminution 
du nombre de fibres elastiques, la diminution de la qualite puis de la quantite des 
fibres de collagene, ainsi que, la diminution de la quantite de proteoglycanes et, 

30 par consequent, du niveau d'hydratation. 

Parmi les facteurs exogenes aggravant la fragilisation tendineuse, on note les 
microtraumatismes repetes (des microruptures apparaissent au-dela de 4% 
d'etirement du tendon), la prise d'androgenes (par Taugmentation du rapport 
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masse musculaire / tendon) et la prise de corticosteroides (par diminution de 
I'activite fibroblastique). La diminution, absolue ou relative, du nombre de 
tenocytes, ainsi que de leurs possibilites metaboliques, aboutit a une limitation 
de la regeneration tendineuse. La faible vascularisation du tendon renforce ce 
5 phenomene. 

Lors d'alterations des tendons ou ligaments, un processus naturel lent de 
cicatrisation se met en place, qui peut etre schematise en quatre phases. 

Une premiere phase d'inflammation (72 heures), caracterisee par la retraction 
des berges tendineuses, la formation d'un hematome dans I'espace inter- 

10 fragmentaire, la coagulation et la liberation de cytokines (histamine, serotonine, 
prostaglandines, bradykinine) initiant la phase infiammatoire. Survient ensuite, la 
phase cellulaire marquee par I'augmentation du nombre de macrophages puis 
par une proliferation des tenocytes (differenciation de cellules issues du 
paratendon). II se produit alors la synthese d'un collagene de type III (immature) 

15 de faible tenue mecanique. 

Une deuxieme phase, de proliferation cellulaire (6 semaines), caracterisee par 
('organisation du caillot (apparition de neovaisseaux, degradation 
macrophagique et rehabitation par des fibroblastes), par I'augmentation du 
nombre de tenocytes synthetisant du collagene de type I (mature) s'orientant 
20 selon les forces de contrainte et par I'augmentation de la quantite de 
proteoglycanes. La qualite mecanique devient satisfaisante a J45. 

Une troisieme et une quatrieme phases de remodeiage et maturation de la zone 
cicatricielle, caracterisees par la diminution progressive de la densite cellulaire 
du tendon, par I'augmentation de la densite en collagene de type I correctement 
25 oriente, par la diminution du volume cicatriciel et par I'augmentation de la 
resistance mecanique. 

Le retour vers une structure proche de la normale demande un delai d'environ 
un an. Ce mecanisme de cicatrisation est done tres lent, souvent perturbe par 
les mouvements des tendons et/ou ligaments, et conduit souvent a des 
30 structures fragilisees, car ayant une composition fibreuse et cellulaire differente 
du tissu d'origine. 

Dans le cas particulier de la cicatrisation apres realisation d'une autogreffe, on 
observe dans un premier temps, la disparition des fibroblastes du transplant et la 
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resorption macrophagique du transplant, conduisant a une fragilisation de celui- 
ci. Puis apparaft une phase d'hypervascularisation avec des neovaisseaux suivie 
de la reapparition des tenocytes. Enfin, une phase de remodelage caracterisee 
par la synthese de matrice extracellulaire et de collagene de type I permet une 
5 augmentation de la qualite mecanique. Le neotendon prend finalement une 
structure proche de I'ancien tendon sous I'effet des contraintes mecaniques. 
Cette transformation, constituant la phase de ligamentisation, s'etend sur une 
periode de 2 ans environ (2). 

Les approches therapeutiques actuelles pour le traitement des alterations du 
10 tendon, qu'elles soient d'origine traumatique ou liees au vieillissernent, sont : 

- la cicatrisation dirigee du tendon, favorisee par une baisse de I'activite voire 
une immobilisation, 

- la reparation du tendon par suture directe, parfois aidee d'un renfort 
synthetique (biomateriaux resorbables ou non), l^lvn 

15 - le remplacement du tendon par une greffe de tissu biologique (autologue^ou 
allogenique) ou par un substitut synthetique. 

Dans le" premier "cas," le "r6sultat~abo"utit sbuvent a~ une guerison incomplete 
comportant une sequelle fibreuse. Dans les deux derniers cas, il existe de 
multiples problemes de compatibilite biomecanique compromettant les resultats 
20 sur le long terme (3,4). Par ailleurs, la pauvrete cellulaire et I'insuffisance de 
vascularisation limitent la regeneration tendineuse. 

La presente invention propose a present de nouvelles approches therapeutiques 
pour restaurer des defauts du tendon ou d'autres tissus biologiques comprenant 

25 des tenocytes ou de type fibreux ou conjonctif. La presente invention repose 
notamment sur la mise au point de compositions et methodes permettant 
d'augmenter la composante cellulaire du tendon et/ou sa vascularisation. La 
presente invention repose en particulier sur I'implantation de tenocytes in vivo ou 
sur des compositions permettant d'augmenter le nombre de tenocytes presents 

30 dans le tissu biologique in vivo, de maniere a recoloniser et reconstituer la 
structure defectueuse. 

La presente invention repose, d'une maniere generale, sur Tutilisation de 
tenocytes pour des applications therapeutiques, de reconstitution de tissu, 
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notamment chez Thomme. L'invention repose notamment sur ('utilisation de 
tenocytes humains, en particulier autologues, multiplies in vitro, comme 
medicament susceptible cTagir pour la reconstitution de tissus biologiques, 
notamment de tissus biologiques fibreux ou conjonctif. Dans une application 

5 preferee, les tenocytes selon l'invention sont utilises pour reconstituer des 
tendons ou ligaments presentant des defauts, comme par exemple les 
tendinites, dechirement, entorses, etc. Cette application est particulierement 
avantageuse car permet, au contraire des processus de traitement actuels, de 
regenerer des tissus ayant les proprietes mecaniques et physiologiques proches 

10 <ies, voire similaires aux tissus naturels. 

La presente invention decrit egalement des methodes permettant de produire et 
de multiplier in vitro des tenocytes, a partir de prelevements de tissus 
biologiques, notamment de prelevements de fragments de tendons ou ligaments 
sains. 

15 La presente invention montre en outre qu'il est possible d'implanter in vivo des 
tenocytes cultives in vitro, le cas echeant apres modification genetique de ceux- 
ci, et que ces tenocytes implantes sont viables, fonctionnels, et capables 
d'exprimer un produit recombinant. A cet egard, de maniere generale, Tinvention 
concerne toute methode therapeutique comprenant Timplantation dans un 

20 tendon ou un ligament de cellules modifiees genetiquement, par exemple de 
tenocytes ou de fibroblastes. 

L'invention montre encore qu'il est possible de transferer in vivo des acides 
nucleiques recombinants dans des tenocytes pour leur faire exprimer des 
produits biologiques d'interet. La presente invention decrit done, de maniere 
25 generale, des approches therapeutiques pour la reconstitution de tendons, 
ligaments ou autres tissus fibreux, basees sur I'implantation de tenocytes ou sur 
la modification in situ de tenocytes, notamment chez I'homme. 

La presente invention sera decrite plus en details dans la suite du texte. Pour 
une meilleure comprehension de la presente invention, les definitions suivantes 
30 sont fournies : 

Tenocyte : Au sens de la presente invention, le terme « tenocyte » designe les 
cellules de la composante cellulaire des tendons, ligaments ou aponevroses, par 
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exemple, ou d'autres tissus de type fibreux. Bien que les tenocytes des tendons, 
ligaments ou aponevroses puissent presenter des caracteristiques 
physiologiques propres, il s'agit de cellules fusiformes a noyau fin, d'origine 
fibroblastique. En outre, ces cellules sont capables de produire le collagene, 
5 I'elastine et la matrice extra-cellulaire. Le terme tenocyte designe, au sens de 
I'invention, aussi bien des cultures primaires que des cultures secondaires 
(obtenues par multiplication in vitro) ou des lignees etablies. 

Fibroblaste : Cellule fusiforme du tissu conjonctif, capable de synthetiser les 
proteines de la matrice extracellulaire. 

10 Acide nucleique recombinant : Le terme acide nucleique recombinant designe 
tout acide nucleique codant un produit d'interet, qu'il s'agisse d'un ARN, ou d'un 
polypeptide (ce terme designant generalement toute proteine, fragment de 
proteine ou peptide). II s'agit plus preferentiellement d'un polypeptide ayant une 
activite biologique, notamment d'un facteur de croissance. L'acide nucleicfcie 

15 recombinant peut etre un ADNc, un ADNg, un ADN synthetique ou semi- 
synthetique, un oligonucleotide, un ARN, etc. II peut s'agir d'un acide nucleique 
d'origine humaine, ; vegetale, ; virale r procaryote, ^ artificielle, etC: L'acide nucleique 
recombinant peut par ailleurs comprendre des sequences regulatrices dei la 
transcription, telles que promoteurs, terminateurs, enhanceurs, sequence de 

20 secretion, etc. En outre, I'acide nucleique recombinant peut etre sous forme 
lineaire, circulaire, simple-brin ou double-brin. II peut faire partie d'un plasmide, 
cosmide, phage, chromosome artificiel, virus, etc. 

ADN nu : Une composition comprenant un acide nucleique recombinant, 
depourvue d'agent facilitant la transfection, y compris de virus. II s'agit 
25 typiquement d'un fragment d'acide nucleique ou d'un plasmide, en solution 
saline et/ou glucosee (par exemple a 5% glucose). 

Cellule Modifiee genetiquement : Toute cellule contenant un acide nucleique 
recombinant tel que defini ci-avant. II peut s'agir d'une cellule dans laquelle cet 
ADN recombinant a ete introduit, ou d'un descendant d'une telle cellule. 

30 

Un premier objet de I'invention reside plus particulierement dans une 
composition comprenant des tenocytes humains, autologues et/ou allogeniques. 
II s'agit avantageusement d'une composition comprenant essentiellement des 
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tenocytes humains, c'est-a-dire de preference dont plus de 60% des cellules 
sont des tenocytes humains. Typiquement, dans une composition de tenocytes 
selon Tinvention, au moins 80% des cellules sont de type tenocytes. La 
composition peut comprendre en outre d'autres types de cellules (fibroblastes, 

5 cellules endothelials, etc), ou d'autres facteurs biologiques. Les compositions 
peuvent etre en solution, ou congelees, comme il sera explique dans la suite du 
texte. Lorsque qu'il s'agit de solutions (ou suspensions), les compositions 
peuvent comprendre un milieu de culture, un milieu de conservation et/ou 
d'injection. Par ailleurs, les compositions cellulaires selon Tinvention peuvent 

10 etre comprises dans tout dispositif (ou conteneur) approprie, par exemple une 
ampoule, seringue, fiole, poche, boite, etc. 

Un autre objet particulier de Tinvention reside dans une composition comprenant 
des tenocytes equins autologues et/ou allogeniques. Comme il sera explique 
dans la suite du texte, de telles compositions sont particulierement 
is avantageuses pour le traitement des affections des tendons et/ou ligaments des 
chevaux. 

Un autre objet de Tinvention reside dans une culture in vitro ou ex vivo de 
tenocytes humains ou equins, notamment de tenocytes humains autologues 
et/ou allogeniques. II peut s'agir de tenocytes primaires ou multiplies in vitro ou 
20 ex vivo, le cas echeant obtenus a partir de banques etablies au prealable. Les 
cultures comprennent avantageusement un milieu adapte a la culture ou la 
multiplication des cellules. 

L'invention reside aussi dans une methode de preparation de tenocytes, 
notamment humains, comprenant le prelevement d'un fragment de tissu 
25 biologique comprenant des tenocytes, le traitement de ce fragment pour 
dissocier les tenocytes, et la mise en culture des tenocytes. 

Dans un mode prefere de mise en oeuvre, le fragment de tissu biologique 
provient d'un tissu sain. Plus preferentiellement, il s'agit d'un petit fragment de 
tissu, par exemple d'un poids inferieur ou egal a 10g, preferentiellement inferieur 
30 ou egal a 1g, plus generalement compris entre 0,5 g et 5 g. La presente 
invention montre en effet qu'il est possible, a partir d'echantillons de taille 
restreinte, comportant un nombre faible de cellules tenocytes, d'isoler ces 
cellules et de les expandre in vitro. 
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Compte tenu de la faible cellularite du tendon et de la necessite de prelever un 
explant le plus petit possible, dans I'optique d'une application a une situation de 
manque de substance d'un tendon lese, la presente invention decrit la possibility 
et les conditions d'obtention de tenocytes a parlir de petits explants tendineux. 

5 L'extraction de tenocytes a partir d'un fragment de tendon de 150mg (tendon 
rotulien de lapin) a permis I'obtention d'une quantite de tenocytes de I'ordre de 
10 6 elements dans un delai de 21 jours. La croissance est ensuite exponentielle 
avec un temps de doublement semblant diminuer avec le nombre de passages. 
A cet egard, I'invention montre egalement qu'une multiplication (expansion) 

io importante des tenocytes en culture peut etre obtenue en plusieurs passages 
successifs, lorsque les cellules sont ensemencees a environ 25% de la 
confluence. Cette caracteristique constitue un mode prefere du precede de 
preparation de la presente invention. La digestion d'un tendon rotulien pesant 
0,5g a permis I'obtention, en 24 heures, de 7.10 5 cellules. Par extrapolation, ces 

15 experiences indiquent que a partir de 1g de tendon humain environ, il est 
possible de produire 10 7 a 10 8 cellules apres 2 semaines de culture environ. 

L'experience montre aussi que les tenocytes multiplies in vitro conservent leur 
capacite a reconstituer du tendon, quand ils sont reimplantes in vivo. 

Le prelevement de I'echantillon de tissu peut etre realise selon differentes 
20 techniques, comme par exemple la microdissection, la microlaceration, au cours 
d'un peignage, la ponction intratendineuse ou intraligamentaire, le prelevement 
d'un fragment d'aponevose, etc. Le fragment de tissu biologique peut egalement 
etre obtenu par exemple a partir d'une banque. 

Preferentiellement, le fragment de tissu biologique est un fragment de tendon, de 
25 ligament ou d'aponevrose. L'invention concerne done des compositions de 
tenocytes obtenus (et/ou derives) a partir de tendon, de ligament ou 
d'aponevrose. Le fragment (contenant les tenocytes) peut etre preleve par des 
techniques chirurgicales ou microchirurgicales. A cet egard, il est egalement 
possible d'etablir des banques de tenocytes, par exemple a partir de tout tissu 
30 tendineux ou ligamenteux preleve chez un sujet (humain ou animal). Ces 
banques peuvent etre conservees et eventuellement traitees pour permettre leur 
utilisation. Ces banques permettent de produire, a tout moment, des quantites 
importantes de tenocytes, par exemple autologues, et de disposer de telles 
cellules de maniere rapide, sans qu'il soit necessaire de proceder a des 
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prelevements, dissociation et/ou cultures lorsqu'une intervention doit etre 
effectuee. L'invention concerne done egalement un precede de preparation de 
banques de tenocytes, comprenant Tobtention de tenocytes a partir de tissu 
biologique, leur multiplication in vitro, et leur conservation, le cas echeant apres 

5 verification des caracteres de sterilite, absence de contamination, purete, etc. II 
peut s'agir de banques de tenocytes humains ou animaux, notamment equin. 
Ces banques peuvent etre realisees avantageusement de maniere preventive 
pour des sujets presentant des risques de developper des lesions des ligaments, 
tendons ou muscles, comme par exemple les sportifs. Ces banques peuvent etre 

10 conservees sous forme congelee, dans les conditions decrites ci-apres. 

De preference, les tenocytes humains selon invention sont prepares a partir du 
tendon d'Achille ou des tendons suivants : 

- tendons de la patte d'oie : Muscles droit interne (M.Gracilis) et demi- 
tendineux (M.Semitendinosus). Ces tendons sont quasiment inutilises par 

is I'etre humain et peuvent etre preleves integralement. lis peuvent ainsi 

permettre I'obtention par culture in vitro selon l'invention de 10 6 a 10 7 
cellules environ. 

- tendon du muscle petit palmaire (M. Palmaris Longus). Ce tendon peut 
egalement etre preleve integralement II est possible d'obtenir ainsi un 

20 volume de tissu de I'ordre de 1 a 3 g environ. 

- tendon du muscle plantaire grele (M. Plantaris). Ce tendon peut egalement 
etre preleve integralement. II est possible d'obtenir ainsi un volume de 
tissu de I'ordre de 2 a 4 g environ. 

- tendon du muscle peronier anterieur (M. Peronus Tertius). Ce tendon peut 
25 egalement etre preleve integralement. II est possible d'obtenir ainsi un 

volume de tissu de I'ordre de 2 a 3 g environ. 

- Tendron quadricipital A partir de ce tendon, il est possible de prelever un 
fragment de tissu d'un volume de I'ordre de 1g, sans affecter son 
fonctionnement ou risque de fragilisation. 

30 - tendon rotulien (Lig. Patellae) : A partir de ce tendon, il est possible de 
prelever un fragment de tissu d'un volume de I'ordre de 1g, sans affecter 
son fonctionnement ou risque de fragilisation. 
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Les tenocytes peuvent egalement provenir des ligaments suivants : 

- Ligament acromio-coracoTdien (Lig. Coraco-acromiale) 

- Ligament lateral interne du genou (Lig. Collaterale Tibiale) 
ou etre preleves a partir d'aponevroses telles que : 

5 - aponevrose femorale (Fascia lata) 

- aponevroses des muscles jumeaux (M. Gastrocnemii). 

Preferentiellement, les tenocytes humains selon I'invention sont obtenus (ou 
derives) a partir de tendon. Les tenocytes ainsi prepares devraient en effet 
io presenter des caracteristiques mecaniques et physiologiques interessantes 

Preferentiellement, le fragment de tissu est traite par : 

- decoupage mecanique, et/ou ^m&fry 

- digestion enzymatique, par exemple en presence d'enzyme(s) capable(s) 
d'hydrolyser les molecules de collagene. 

15 Le decoupage mecanique permet de faciliter et/ou d'accelerer la dissociation des 
cellules presentes dans le fragment. Ce traitement mecanique peut etre realise 
par exemple au moyen de ciseaux, pinces, scalpels, bistouris, tamisage sur 
grilles, etc. Preferentiellement, le traitement mecanique est realise jusqu'a 
obtention d'une preparation tissulaire composee de fragments de taille inferieure 

20 a environ 20 mm 3 , de preference inferieure a 10 mm 3 . 

L'echantillon biologique est ensuite soumis a un traitement en presence d'une 
composition comprenant au moins une enzyme capable d'hydrolyser le 
collagene, de preference le collagene de type I ou, plus generalement, capable 
de degrader un ou plusieurs constituants de la matrice extracellulaire tendineuse 
25 (composee principalement de collagene de type I, associe a des proteoglycans). 

Une enzyme preferee pour cette etape est la collagenase. La collagenase 
utilisee est preferentiellement d'origine bacterienne, comme par exemple la 
collagenase D, la collagenase A, la collagenase P, la collagenase de Vibrio 
alginolyticus (EP430635) ou encore la collagenase ColH de Clostridium 
30 histolyticus (J. Bact. 181 (1999) 2816). D'autres collagenases peuvent 
egalement etre utilisees, comme des collagenases d'origine eucaryote, 
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notamment mammifere, par exemple humaine. En particulier, on peut utiliserdes 
collagenases (recombinantes) de mammifere, specifiques du coilagene de type I 
et/ou du tendon ou egalement des collagenases modifiees, par exemple par 
mutagenese dirigee, possedant des proprietes ameliorees en terme d'efficacite, 
5 de selectivity de conditions d'activite, etc. En particulier, il peut s'agir de 
collagenases modifiees (par exemple par mutagenese dirigee), capables 
d'exercer une activite a des temperatures basses, notamment inferieures a 
20°C, plus preferentiellement inferieures a 10°C. 

Dans un mode particulier, il s'agit d'une collagenase recombinante, c'est-a-dire 
10 produite par expression dans un hote cellulaire. L'emploi d'une collagenase 
recombinante offre des avantages par rapports aux collagenases naturelles 
(absence de contaminants, efficacite, etc.). 

L'etape de dissociation est generalement realisee a une temperature proche de 
la temperature du corps humain, par exemple entre 32 et 40°C, de preference 

15 proche de 37°C, pendant une periode pouvant etre adaptee par Thomme du 
metier en fonction de la quantite d'enzyme utilisee (de 0,05 a 5 mg/ml, plus 
preferentiellement de 0,1 a 1 mg/ml environ). Une etape typique de dissociation 
selon I'invention comprend la mise en contact de Techantillon biologique (le cas 
echeant traite mecaniquement comme decrit ci avant), avec la collagenase (0,5 

20 mg/ml) pendant environ 15 heures a 37°C, sous agitation. Pour l'etape de 
dissociation, la collagenase peut par ailleurs etre utilisee en combinaison avec 
.d'autres enzymes, recombinantes ou d'extraction, dont la qualite aura ete 
controlee. 

L'invention concerne plus precisement un procede de production de tenocytes 
25 comprenant : 

- le prelevement d'un fragment de tissu biologique comprenant des 
tenocytes, de preference d'origine humaine, 

- le traitement de ce fragment pour dissocier les tenocytes, en presence 
d f une collagenase, et 

30 - la mise en culture des tenocytes, et leur multiplication in vitro par passages 
successifs, de preference par ensemencement a une densite 
correspondant au quart de la confluence environ. 
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Les tenocytes obtenus peuvent etre conserves dans differents milieux de culture 
(Ham, RPMI, DMEM, etc.) et/ou de conservation (solutions salines, etc.) en vue 
de leur utilisation extemporanee ou de leur stockage, par exemple sous forme de 
banques de tenocytes, comme indique ci-avant. 

5 Dans ce contexte, la presente invention decrit egalement des compositions et 
methodes particulierement efficaces pour conserver les tenocytes, en particulier 
sous forme congelee. Ces methodes permettent avantageusement de conserver 
\es tenocytes sur de longues periodes, sans affecter leurs proprietes 
fonctionnelles. En outre, des compositions et methodes particulieres utilisees 

10 sont compatibles avec un usage therapeutique, et permettent done de preserver 
les tenocytes ou les compositions de tenocytes destinees a etre implantees: in 
vivo. 

La congelation peut etre realisee dans differentes conditions, et en presence de 
differents agents ou compositions protecteurs. 

15 Selon une premiere variante de realisation, la congelation est realisee en 
presence de dimethyl sulfoxyde (« DMSO »). Le DMSO est un agent protectiur 
— bien™ connu, qui s'insere dans- les membranes -cellulaires et permet-de ies 
stabiliser, ce qui empeche la destruction des cellules. Un milieu de congelation 
typique au DMSO comprend par exemple de 5 a 25 % de DMSO et du serum de 

20 veau foetal. Ce type de milieu est illustre dans les exemple et permet une 
conservation efficace des tenocytes, sans perte d'activite. 

La congelation peut egalement etre realisee en absence de DMSO, notamment 
dans un milieu comprenant de la serum albumine (humaine), une solution saline, 
et une gelatine modifiee. Un telle composition a ete decrite dans la demande FR 
25 2,746,109. Dans un autre mode prefere de mise en oeuvre, la congelation est 
realisee dans un milieu comprenant de Talbumine (humaine), un polysaccharide, 
et eventuellement une solution saline. 

Un objet particulier de ('invention reside done dans une composition comprenant 
des tenocytes, notamment des tenocytes humains, sous forme congelee. 
30 L'invention concerne egalement des milieux pour la conservation de tenocytes, 
notamment de tenocytes humains, comprenant des tenocytes, notamment 
humains et : 

- du DMSO, ou 
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- une gelatine modifiee, ou 

- un polysaccharide, ou 

- du glycerol. 

L'homme du metier peut par ailleurs utiliser le procede mentionne ci-apres pour 
adapter la composition des milieux de congelation, notamment identifier d'autres 
composes utilisables pour la conservation des tenocytes sous forme congelee. 
II s'agit de preference d'un milieu comprenant des tenocytes, une solution saline, 
de I'albumine humaine et une gelatine modifiee ou un polysaccharide, de 
preference un polysaccharide. Encore plus preferentiellement, de telles 
compositions selon I'invention comprennent au moins environ 5.1 0 5 
tenocytes/ml. 

Le milieu de conservation de I'invention est generalement prepare en 
melangeant les differents constituants entre eux, puis en ajoutant ledit milieu aux 
tenocytes. Comme indique ci-avant, les tenocytes peuvent etre des tenocytes 
primaires. fraichement isoles a partir d'un echantillon biologique, ou bien des 
tenocytes multiplies in vitro (par exemple par cultures monocouches). 

Pour la congelation des tenocytes, la solution saline utilisee peut etre plus 
particulierement une solution isotonique avec le plasma. Les sels entrant dans la 
composition de cette solution peuvent varier. Avantageusement elle comprend 
des chlorures, tels que du chlorure de sodium, du chlorure de potassium, du 
•chlorure de calcium et/ou du chlorure de magnesium, et des lactates, tels que 
par exemple du lactate de sodium. Dans un exemple typique, la solution saline 
isotonique comprend du chlorure de sodium, du chlorure de potassium, du 
chlorure de magnesium et du lactate de sodium. Selon une autre variante, le 
chlorure de magnesium est remplace par du chlorure de calcium. Dans ce cas 
les concentrations en sels de la solution saline sont equivalentes ou quasi 
equivalentes a celles d'une solution « Ringer-lactate ». Une telle solution est 
habituellement utilisee en perfusion pour compenser une deshydratation ou une 
perte de liquide physiologique par exemple. 

Selon un mode particulier de realisation de I'invention, la solution saline est 
composee essentiellement de NaCI MgCI2, KCI et lactate dans des gammes de 
concentrations comprises respectivement entre 2 et 9 g/l ; 0,05 et 0,2 g/l ; 0,05 et 
0,5 g/l et 0,5 a 5 g/l. 
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Les derives de gelatine utilises pour la conservation des tenocytes sont plus 
particulierement des gelatines fluides modifiees. De telles gelatines fluides 
modifiees selon I'invention sont typiquement constitutes de produits d'hydrolyse 
du collagene modifies chimiquement, compatibles avec une utilisation 
5 pharmaceutique. II s'agit preferentiellement de produits ayant un poids 
moleculaire moyen compris entre 10 kD et 100 kD, et encore plus 
preferentiellement entre 15 kD et 40 kD. Us sont preferentiellement modifies par 
reaction avec un anhydride, de maniere a obtenir un produit final ayant une 
fluidite adaptee a Tusage recherche, selon les enseignements par exemple du 
10 brevet FR 1,291,502. II s'agit preferentiellement de Tanhydride succinique, 
citraconique, itaconique, aconitique ou maleique. Une gelatine fluide modifiee 
particulierement avantageuse est constitute du produit d'hydrolyse du collagene 
ayant un poids moleculaire moyen compris entre 15 kD et 40 kD, modifie par 
reaction avec I'anhydride succinique. Les gelatines fluides modifiees selon 
is I'invention peuvent etre preparees par les techniques de I'homme de Tart, P^Wfr 
les gelatines fluides modifiees, on peut citer a titre d'exemple I'oxypolygelatine, 
obtenue par polymerisation de la gelatine avec le glyoxal et oxydation par H2O2. 

D'autres gelatines fluides" modifiees sont obtenues par reaction de la gelatine 

(ayant de preference une gamme de poids moleculaire d'environ 15.000 a 
20 36.000) avec Tanhydride succinique, citraconique, itaconique, aconitique ou 
maleique ou le chlorure de succinyle ou de fumaryle, comme decrit dans le 
brevet frangais n° FR1,291,502. Tous ces derives de gelatine sont compatibles 
avec une utilisation pharmaceutique et peuvent etre introduits dans le courant 
sanguin directement en solution saline isotonique. Des gelatines fluides 
25 modifiees ont egalement ete decrites dans les brevets US2,525,753, 
US2,827,419, US3,108,995. 

La serum albumine utilisee est une serum albumine humaine (SAH), d'extraction 
ou recombinante. La SAH naturelle d'extraction peut etre produite par 
purification a partir de materiel biologique d'origine humaine, par les techniques 

30 classiques de fractionnement du plasma provenant de dons de sang (Cohn et 
al., J. Am. Chem. Soc. 68 (1946) 459 pp), ou par extraction a partir du placenta 
humain, selon la technique decrite par J. Liautaud et al. (13eme Congres 
International d'ABS, Budapest; A: "Purification of proteins. Development of 
biological standard", Karger (ed.), Bale, 27 (1973) 107 pp). De preference 

35 Talbumine purifiee utilisee dans le cadre de la presente invention est une 
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albumine plasmatique. Tout particulierement on peut utiliser une solution 
d'albumine plasmatique commerciale. La SAH recombinante peut etre fabriquee 
dans differents types d'hotes cellulaires, de preference eucaryote (Cf FR 
2,746,109). 

5 Dans les milieux de conservation, le polysaccharide utilise peut etre de structure 
et de poids moleculaire variable. Preferentiellement, il s'agit d'un polysaccharide 
sulfate, ayant de preference un poids moleculaire compris entre 5000 et 500 000 
dalton, plus preferentiellement entre 30 000 et 250 000 daltons. Le 
polysaccharide peut etre choisi par exemple parmi le dextran (40 000 ou 60 000 

10 daltons), I'amidon, I'hydroxyethylamidon (240 000 dalton), etc. 

Dans un mode particulier de mise en ceuvre. le milieu de invention est compose 
de plasmion (FR 2,042,381) auquel de la serum albumine humaine est ajoutee, 
a des concentrations variables. 

Dans un autre mode, prefere, de mise en ceuvre, le milieu de I'invention est 
15 compose de Rheomacrodex*. Hemodex R , Plasmaclair* ou Hesteril R , auquel de 
la serum albumine humaine est ajoutee, a des concentrations variables (de 5 a 
45% pour une solution d'albumine a 20%). 

Si necessaire, les concentrations respectives des differents constituants peuvent 
etre ajustees en utilisant la methodologie suivante : 

20 Sur des plaques multi-puits, sont repartis, dans chaque puits, chacun des 
constituants du milieu a une concentration fixe, a I'exception d'un constituant 
dont on fait varier la concentration. Le cas echeant, plusieurs plaques sont 
preparees, permettant de tester simultanement des conditions de concentrations 
differentes pour chacun des constituants, ou, si le nombre de puits est suffisant, 

25 ces differentes conditions sont testees sur une meme plaque. Preferentiellement, 
chaque condition est testee au moins en double, de preference en triple sur la 
plaque. Une preparation de tenocytes est alors introduite dans chaque puits, a 
une concentration de I'ordre de 10 6 cellules /ml. La plaque est placee dans 
I'azote liquide a -80°C (eventuellement apres une etape intermediaire au 

30 congelateur). Les plaques congelees sont ensuite decongelees, et la viabilite 
cellulaire est determines dans chaque puits, par exemple par coloration au bleu 
trypan. Chaque plaque peut etre lue au moyen d'un systeme robotise, de 
maniere a permettre de traiter de nombreuses conditions et d'analyser aisement 
les resultats obtenus. 
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Les compositions de tenocytes selon I'invention peuvent etre conservees sous 
forme congelee, par exemple a -80°C, sans affecter significativement les 
proprietes fonctionnelles des cellules. Comme indique dans les exemples, une 
viabilite cellulaire superieure a 85% peut etre obtenue. 

La presente invention montre par ailleurs que les tenocytes peuvent etre 
modifies genetiquement, in vitro, ex vivo ou in vivo, pour contenir un acide 
-nucleique recombinant. Cet aspect de la presente invention permet ainsi de 
conferer aux tenocytes, in vitro, ex vivo ou in vivo, des proprietes biologiques et 
des fonctionnalites particulieres, ameliorant par exemple le pouvoir 
therapeutique de ces cellules. - 

Un autre objet de ('invention reside done dans un tenocyte humain modifie 
genetiquement, e'est-a-dire contenant un acide nucleique recombinant. 

Un autre objet particulier de I'invention reside dans un tenocyte equin modifie 
genetiquement, e'est-a-dire contenant un acide nucleique recombinant. 

La presente invention concerne egalement tout tenocyte modifie genetiquement 
(i.e., d'origine humaine ou animale, par exemple equine), caracterise en ce qu'il 
contient un acide nucleique recombinant codant un facteur de croissance ou un 
facteur inhibant la reponse inflammatoire. De tels tenocytes presentent des 
■proprietes avantageuses de reconstitution de tissu biologique. L'acide nucleique 
peut avoir ete introduit dans la cellule elle-meme ou dans une cellule parente de 
celle-ci, par differentes techniques de transfert de gene (vecteur viral, non viral, 
ADN nu, bombardement, methode electrique, etc). 

A cet egard, la presente invention decrit egalement des methodes 
particulierement efficaces pour le transfert de genes dans les tenocytes in vitro, 
ex vivo ou in vivo. Ces techniques reposent notamment sur Temploi d'ADN nu, 
d'ADN compexe a un agent facilitant (par exemple un polymere cationique) ou 
encore d'un retrovirus recombinant de type GALV ou pseudotype avec une 
enveloppe GALV. 

L'invention concerne notamment toute methode non-virale de transfert d'un 
acide nucleique recombinant dans un tenocyte, humain ou animal, comprenant 
la mise en contact d'un tenocyte, in vitro, ex vivo ou in vivo, avec I'acide 
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nucleique recombinant. Ces methodes non-virales selon invention comprennent 
par exemple : 

- la mise en contact directe sous forme d'ADN nu 

- la mise en contact en presence d'agent(s) facilitant la transfection, par 
exemple de polymeres cationiques (Polyethyleneimine), de lipides 
cationiques ou de peptides, 

- le bombardement ou encore 

- I'application d'un champs electrique. 

Une methode particulierement preferee repose sur I'utilisation d'ADN nu. Ainsi, 
un objet particulier de I'invention reside dans une methode de transfert de genes 
dans un tenocyte comprenant la mise en contact d'un tenocyte, in vitro, ex vivo 
ou in vivo avec un acide nucleique recombinant nu. 

L'invention reside encore dans I'utilisation : 

- d'une composition comprenant de I'ADN nu, pour la preparation d'une 
composition destinee au transfert de cet ADN dans les tenocytes in vivo ; 

- d'une composition comprenant un retrovirus recombinant pseudotype avec 
une enveloppe GALV, pour ia preparation d'une composition destinee au 
transfert de cet ADN dans les tenocytes in vivo. 

- d'un acide nucleique recombinant pour la preparation d'une composition 
destinee a la modification genetique in vivo d'un tenocyte humain. 



La presente invention conceme egalement I'utilisation des tenocytes pour ie 
traitement de differentes pathologies ou deficiences, aussi bien chez I'homme 
que chez I'animal (notamment les chevaux). 

Ainsi, un autre objet de l'invention reside dans I'utilisation de tenocytes pour la 
preparation d'une composition destinee a I'implantation in vivo. 

L'invention concerne plus particulierement I'utilisation de tenocytes pour la 
preparation d'une composition destinee a la mise en ceuvre d'une methode de 
traitement therapeutique, diagnostique ou chirurgical du corps humain ou animal. 
S'agissant des animaux, on cite plus particulierement les chevaux, notamment 
les chevaux de course, qui sont sujets a differentes alterations des tendons ou 
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ligaments, de type tendinite. Ces chevaux sont soit abattus, soit traites par 
peignage tendineux, ce qui genere cependant des tendons plus rigides ou epais, 
dont les proprietes mecaniques ne sont pas bonnes. L'invention permet par des 
implantations de tenocytes autologues (ou allogeniques ou xenogeniques), par 
5 exemple a partir de banques preetablies, de reconstituer des tendons ayant des 
proprietes mecaniques similaires aux tendons non alteres. 

Les tenocytes utilises dans ces methodes de traitement sont preferentiellement 
autologues, c'est-a-dire obtenus a partir du sujet auquel ils sont reimplantes. 
10 Comme indique ci-avant, il s'agit generalement de tenocytes multiplies in vitro, 
eventuellement modifies genetiquement, par exemple pour coder un facteur de 
croissance. II peut toutefois s'agir egalement de tenocytes allogeniques (i.e. 
provenant d'un autre sujet de la meme espece) ou xenogeniques (i.e., d'une 
autre espece). 

15 L'invention decrit egalement des methodes de restauration de defauts de tissus 
in vivo, comprenant Tadministration, a un sujet, de tenocytes, de preference 

autologues, par exemple multipliees in vitro. Les cellules peuvent en outre etre 

modifiees genetiquement. L'ad ministration peut etre realisee de differentes 
manieres. II s'agit preferentiellement d'une injection peritendineuse (dans la 

20 gaine entourant le tendon) ou intratendineuse (a I'interieur meme du tendon, par 
exemple entre les fibres). L'injection peut etre realisee par voie percutanee, lors 
d'actes de microdissection permettant par exemple de dilacerer (ecarter) le 
tendon, notamment au cours d'un peignage. 

Preferentiellement, les doses de cellules injectees sont comprises entre 10 4 et 
25 10 9 , plus preferentiellement entre 5.10 5 et 5.10 7 cellules par injection. Une 
injection typique comprend 10 6 a 10 7 cellules. Par ailleurs, deux injections 
successives peuvent etre realisees (voire plus), si necessaire. La quantite 
precise et le nombre d f injections peuvent etre adaptes par I'homme du metier en 
fonction du sujet, de la severite, localisation et/ou du volume du defaut a traiter, 
30 de la presence de cellules modifiees genetiquement, etc. En particulier, dans le 
cadre de la regeneration d'un defaut musculaire (par exemple un dechirement 
musculaire), des quantites plus importantes de cellules peuvent etre 
administrees. 



JNSDOCID: <WO_0126667A1 . 1_> 



WO 01/26667 



19 

Utilisation de tenocytes selon I'invention est particulierement avantageuse, en 
chirurgie orthopedique ou pour la reparation des lesions musculaires. En effet, 
les tenocytes possedent une activite metabolique de regeneration tissulaire 
importante, adaptee aux necessites locales de reparation. L'emploi de cellules 

5 issues de structures anatomiques proches des structures a reparer constitue un 
autre avantage majeur, dans la reconstitution de tissus ayant de bonnes 
proprietes mecaniques. L'emploi de tenocytes selon I'invention devrait ainsi 
permettre de diminuer le delai de cicatrisation spontanee des structures 
fibreuses (tendons, ligaments, etc.) qui est souvent long (superieur a 45 jours) et 

10 incomplet. Dans ce but, on utilise preferentiellement, pour la reparation de 
lesions des tendons, des compositions de tenocytes provenant (ou derives) de 
tendons, et pour la reparation de lesions des ligaments, des compositions de 
tenocytes provenant (ou derives) de ligaments. Utilisation des tenocytes, 
multiplies in vitro, permet non seulement d'augmenter la composante cellulaire 

15 du tissu lese, mais egalement de servir de vecteur pour I'expression d'acides 
nucleiques recombinants. A cet egard, un autre avantage de I'invention reside 
dans I'absence de migration, hors de la structure anatomique traitee, des 
tenocytes. Ceci permet notamment un effet localise, en particulier lors du 
transfer! de genes ex vivo ou in vivo. En outre, le fait que la delivrance du produit 

20 biologique recombinant s'effectue au contact meme de la cellule effectrice 
favorise I'intensite de la reponse. Enfin, le chemotactisme existant lors de 
processus cicatriciels favorise egalement I'attraction des tenocytes transduits 
et/ou injectes au sein de la zone lesionnelle, augmentant encore I'effet local. 

Une autre application des techniques d'expansion cellulaire in vitro selon 
25 I'invention concerne la reparation de lesions musculaires traumatiques. Ainsi, 
dans les ruptures plus ou moins etendues, le traitement conservateur est la 
regie, mais au prix d'une cicatrisation lente. En outre, on observe parfois la 
persistance d'une encoche musculaire accompagnee d'une perte de puissance 
musculaire et d'une risque de comblement de la zone rompue par un tissu 
30 cicatriciel fibreux diminuant les qualites mecaniques du muscle repare. 
L'injection (par exemple percutanee) d'une composition contenant des tenocytes 
(ou des myoblastes) selon I'invention permet un comblement rapide de la zone 
rompue, tout en conservant les qualites mecaniques du muscle. 

Uinvention concerne done egalement des compositions et methodes pour : 
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- reconstituer la composante cellulaire de tendons, ligaments ou muscles, 

- faciliter la cicatrisation des ligaments, tendons ou muscles, 

- traiter des defauts de tissus biologiques, comme par exemple des defauts 
de tendons, ligaments, muscles squelettiques, etc, ou encore 

5 - produire in vivo des facteurs biologiques, par administration de tenocytes 
modifies genetiquement ex vivo ou par modification genetique des 
tenocytes in vivo. 

Dans un mode particulier de invention, I'acide nucleique recombinant code un 
facteur de croissance et Tinvention permet de produire in vivo un facteur de 
o croissance de la composante cellulaire du tendon ou bien de sa vascularisatibn, 
dans le but d'ameliorer la regeneration tendineuse ou ligamentaire ou, plus 
generalement de tissus biologiques conjonctif et/ou fibreux ou musculaire, te&le 
muscle squelettique par exemple), et/ou de produire un ou plusieurs facteosrs. 
reduisant les reponses inflammatoires. -^rrnr- 

15 On entend par facteur de croissance toute proteine, polypeptide ou peptide 
susceptible de provoquer des reponses bjologiques specifiques comme,' la 
chemotaxie, la proliferation cellulaire, la synthese des fibres collagene et des 
proteines de la matrice, Tinduction de la neovascularisation et la secretion 
d'autres facteurs de croissance. 

20 Parmi les facteurs de croissance utilisables dans le cadre de la presente 
invention, on peut citer notamment : 

- Le TGF-p (Transforming Growth Factor p), qui semble un mediateur implique 
dans la cicatrisation du tendon car sa presence est correlee aux phenomenes de 
reparation du tendon (5), 

25 - Le bFGF (basic Fibroblast Growth Factor), qui joue un role important dans la 
proliferation des tenocytes et dans Tangiogenese (6). En effet, ses recepteurs 
sont exprimes pendant toute la periode de neo-vascularisation. Le bFGF est 
produit par les cellules inflammatoires, mais aussi, par les tenocytes. Cette 
production est regulee par I'environnement cicatriciel. 

30 - Le EGF (Epidermal Growth Factor), qui stimule la proliferation des tenocytes et 
dont les recepteurs sont presents pendant une grande partie du processus 
cicatriciel. L'expression constante de recepteurs au bFGF et le pic d'expression 
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pour les recepteurs a I'EGF dans la membrane synoviale, indiquent que la 
synovlale intervient dans la migration des tenocytes et la revascularisation d'une 
lesion ligamentaire. L'augmentation des recepteurs se produit egalement au 
niveau du site d'insertion du ligament, zone de vascularisation importante, 
permettant la migration cellulaire par un effet chemotactique. 

- Le PDGF (Platelet Derived Growth Factor), qui exerce, sur les tenocytes, des 
activites mitogene et chemotactique. II stimule egalement la synthese de 
collagene (7). 

- le VEGF (« Vascular Endothelial cell Growth Factor ») dont I'expression permet 
d'augmenter la vascularisation des tendons ou ligaments ou muscles, et ainsi 
d'aider a la reconstitution de tissus defectueux. 



La periode ideale d'administration de genes codant de tels facteurs de 
croissance, ou de cellules contenant de tels genes, dans un but therapeutique, 
se situe preferentiellement entre le 1 er et le 7 6me jour apres la lesion, qui 
correspond a la periode d'expression optimale des recepteurs. II est entendu que 
I'administration peut etre realisee a des periodes differentes (notamment plus 
tardives). 

Ces differents facteurs de croissance et leurs recepteurs specifiques ont ainsi 
ete detectes pendant les phases successives de la cicatrisation ligamentaire et 
tendineuse. Dans de nombreuses circonstances, la reparation tissulaire est 
insuffisante, soit par defaut de cicatrisation intrinseque (ligament croise anterieur 
par exemple), soit par I'existence de facteurs particuliers diminuant les aptitudes 
de ces tissus a cicatriser (vieillissement, prise de corticoides, diabete, etc.). II a 
ete montre, dans le ligament croise anterieur, une presence insuffisante en 
mediateurs et en recepteurs specifiques. II est possible que cela puisse 
egalement expliquer les difficultes de reparation du tissu tendineux. 

Parmi les facteurs inhibant la reaction inflammatoire utilisables dans le cadre de 
la presente invention, on peut citer notamment l'interleukine-10, le recepteurde 
l'interleukine-1 , des coricomimmetique ou, plus generalement, tout popypeptide 
capable d'inhiber le developpement d'une reponse inflammatoire. 

Par ailleurs, I'acide nucleique recombinant peut egalement coder d'autres 
produits biologiques d'interet, Co.nme des produits de marquage, des produits 
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presentant une toxicite conditionnelle (de type thymidine kinase par exemple), 
des enzymes, des composes de la matrice extracellulaire, etc. 

La presente invention permet a present une liberation locale, a des doses non- 
toxiques, de tels facteurs de croissance ou autres produits biologiques, et 

5 permet ainsi d'ameliorer les proprietes mecaniques et structurelles des tendons 
et des ligaments en cours de cicatrisation. Ces differents produits biologiques 
peuvent etre utilises seuls ou en combinaisons. La presente invention montre a 
present qu'il est possible d'implanter, dans les tissus fibreux d'un sujet (par 
exemple dans un tendon ou un ligament) des cellules modifiees genetiquement 

10 capables d'exprimer un polypeptide, et que ce polypeptide diffuse ou est au 
contact des cellules presentes dans le tendon (ou tissus fibreux). 

Comme indique ci-avant, I'invention a done pour objet I'utilisation de tenoqytes 
pour la preparation d'une composition destinee a Timplantation chez rhomme? en 
is particulier pour traiter des defauts de tissus fibreux, tels que ligaments, tendpns 
ou muscle squelettique, par exemple. 

Le terme « traiter des defauts» designe plus particulierement la restauration ou 
la compensation de defauts, e'est a dire en particulier la reconstitution, au moins 
partielle, de tissu dans des zones ou celui-ci est defectueux. De preference, il 
20 s'agit d'une utilisation dans un contexte autologue, e'est-a-dire que I'echantillon 
biologique utilise pour produire les tenocytes provient du sujet auquel les 
tenocytes produits seront administres. Toutefois, comme indique ci-avant, 
Tutilisation de cellules allogeniques ou xenogeniques (lapin, cheval, pore, etc.) 
peut egalement etre envisagee pour le traitement de pathologies humaines. 

25 Plus generalement, Tinvention conceme I'utilisation de toute cellule, autologue, 
allogenique ou xenogenique, pour la preparation d'une composition destinee a 
Timplantation ou d'administration dans un tendon ou ligament. II s'agit plus 
particulierement d'un tenocyte ou d'un fibroblaste, cultive in vitro, eventuellement 
modifie genetiquement. 

30 A cet egard, Tinvention concerne egalement une methode pour restaurer des 
tendons, ligaments ou muscles in vivo, comprenant I'administration a un sujet 
(de preference humain) d'une composition de tenocytes. II peut s'agir de 
tenocytes autologues, allogeniques ou xenogeniques, de preference multiplies in 
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vitro. Les tenocytes peuvent en outre etre modifies genetiquement. De 
preference, on utilise des tenocytes autologues. 

A cet egard, la methode de I'invention comprend avantageusement le 
prelevement d'un echantillon de tendon ou ligament sain chez un sujet, la 
5 preparation de tenocytes a partir de cet echantillon, puis I'administration, a ce 
sujet, d'une composition de tenocytes ainsi obtenus. 

Selon une autre variante. I'invention concerne une methode pour restaurer des 
tendons ou ligaments in vivo, comprenant I'administration a un sujet d'une 
composition de fibroblastes II peut s'agir de fibroblastes autologues, 

10 allogeniques ou xenogeniques, de preference multiplies in vitro. Les fibroblastes 
peuvent en outre etre modifies genetiquement, de preference pour exprimer un 
facteur de croissance ou tout autre acide nucleique permettant au fibroblaste 
d'acquerir les proprietes biologiques adaptees a un usage selon I'invention, 
notamment un phenotype ou des caracteristiques de tenocyte, comme par 

is exemple un gene codant pour un facteur augmentant la production de collagene, 
pour une composante de la matrice extracellulaire, pour un facteur d'ancrage, 
etc. De preference, on utilise des fibroblastes autologues, par exemple cutanes. 
Selon cette variante, la methode de I'invention comprend avantageusement le 
prelevement d'un echantillon de fibroblastes sains chez un sujet, leur 

20 modification genetique ex vivo, puis I'administration dans un tendon ou un 
ligament du meme sujet, d'une composition de fibroblastes ainsi obtenus. 

Selon une autre variante, I'invention concerne ('utilisation de tenocytes ou 
fibroblastes, autologues, allogeniques ou xenogeniques, pour favoriser la 
cicatrisation de dechirures ou ruptures musculaires. La rupture d'un muscle 

25 s'accompagne en effet d'une retractation des deux parties rompues (ou 
dechirees) vers les insertions tendineuses. L'experience a montre, par exemple 
lors de ruptures du quadriceps, que la meilleure therapeutique etait d'une part 
d'empecher, voire de resorber I'hematome et, d'autre part, de favoriser une 
cicatrisation du muscle en extension, car toutes les tentatives de sutures de ces 

30 muscles ont toujours echoue. Une application avantageuse de I'invention reside 
done dans I'injection de suspensions de tenocytes ou fibroblastes au sein de la 
lesion afin d'accelerer le processus de cicatrisation fibreuse et done de diminuer 
le temps d'immobilisation du muscle. 
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Dans la presente invention, lorsque des fibroblastes allogeniques ou 
xenogeniques sont utilises, ils peuvent provenir d'une banque etablie. 

Differentes techniques d'implantation peuvent etre mises en oeuvre, selon le 
materiel implante (suspension, matrice, etc.). 

5 A cet egard, la presente invention decrit une methode pour Timplantation de 
cellules in vivo, dans un tendon ou ligament, comprenant I'injection 
intratendineuse ou intraligamentaire de cellules. 

Selon une autre variante, il s'agit d'une injection peri-tendineuse ou peri- 
ligamentaire, c'est-a-dire dans la gaine entourant le tendon ou le ligament. 

10 Selon une autre variante, les cellules sont placees a I'interieur d'un dispositif 
capable de se positionner autour d'un tendon ou d'un ligament, pour enrober la 
partie defectueuse de celui-ci. II peut s'agir de tout materiel biocompatible 
(eventuellement biodegradable) capable de former un manchon autour d'un 
tendon ou d'un ligament. Les cellules sont ainsi maintenues en contact avec le 

15 tissu et la zone a traiter. 

L'invention _ reside _ egalement fi]m biocompatible, • en 

particulier resorbable, pour la preparation d'une composition destinee a 
['implantation de cellules, notamment de tenocytes sur un tendon ou un ligament 
defectueux. II s'agit plus preferentiellement de tenocytes en solution liquide ou 

20 gelifiee, multiplies in vitro. Encore plus preferentiellement, il s'agit de tenocytes 
autologues. 

Les tenocytes, compositions et methodes selon I'invention, sont egalement 
utilisables pour I'etude de I'expression de genes dans les tenocytes, leur 
differentiation, ('identification de genes cibles, le screening de composes 
25 capables de moduler I'activite des tenocytes ou leur proliferation, etc. 

D'autres aspects et avantages de la presente invention apparaTtront a la lecture 
des exemples qui suivent, qui doivent etre consideres comme illustratifs et non 
limitatifs. 

30 LEGENDE DES FIGURES 

Figure 1 : Representation de la structure d'un tendon 

Figure 2 : Vue schematique d'une section transversale d'un tendon 
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Figure 3 : Evolution dans ie temps du nombre de tenocytes transduits par le 
gene LacZ, apres infection retrovirale. 

Figure 4 : Evolution dans le temps du taux de tenocytes transduits par le gene 
LacZ, apres infection retrovirale (au neuvieme passage). 

5 Figure 5 : Evolution dans le temps du taux de tenocytes transduits par le gene 
LacZ, apres infection retrovirale (au 18 6me passage). 

Figure 6 : Quantite de beta-galactosidase exprimee par les tenocytes transduits. 

Figure 7 : Tenocytes de lapin transduits in vitro par un retrovirus GALV-LacZ 

Figure 8 : Transfection in vivo d'un tendon de souris par le plasmide CMV-LacZ 
o (40ug) (96heures post transfert) 

Figure 9 : Coloration in toto d'un tendon de souris. 48 heures apres transfection 
in situ par le plasmide CMV-LacZ (40 ug). 

Figure 10 : Resultats a 48 heures de I'implantation dans un tendon rotulien de 
lapin de tenocytes modifies ex vivo par le plasmide CMV-LacZ. 

5 Figure 1 1 : Resultats a 48 heures de I'implantation dans un tendon rotulien de 
lapin de tenocytes modifies ex vivo par le plasmide CMV-LacZ. 

Figure 12 : Courbes de croissance representant les premier, second et troisieme 
passages (P1, P2, P3) de cultures primaires de tenocytes preparees par 
dissection et digestion a la collagenase de fragments de tendon d'Achille humain 
issu d'un sujet de 28 ans. (12a) cultures directes ; (12b) cultures apres 
congelation/decongelation des cellules. 

Figure 13 : Image en microscopie de tenocytes humains transduits par des 
retrovirus codant la proteine LacZ, apres coloration au X-gal. 



MATERIEL & METHODES 



1. Vecteurs 

Les vecteurs utilises in vitro ont ete des plasmides et des vecteurs retroviraux. 
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1.1. Plasmides 

Plasmide avec gene codant pour la ft-galactosidase 

Le plasrnide utilise etait le plasmide CMV-LacZ, un ADN plasmidique modifie 
5 d'Escherichia Coli (pCMVIi, produit par Clontech®). Ce plasmide possede un 
promoteur CMV, issu du cytomegalovirus humain, permettant Texpression forte 
du gene LacZ, originaire de ('Escherichia Coli, codant pour la B-galactosidase (ft- 
Gal). La sequence est terminee par un signal de polyadenylation (poly A) 
provenant du virus SV 40 (simian virus). Le plasmide contient par ailleurs une 
io origine de replication provenant d'E.Coli (Col E1 Ori) et un gene de selection 
permettant la resistance a rampicilline (figure 3). 

Les etapes de production du plasmide CMV-LacZ comprenaient (8): 
-culture sur milieu de selection des bacteries renfermant le plasmide, 
-extraction de I'ADN plasmidique par lyse alcaline, 
15 - recuperation du culot bacterien, 

-elimination de I'ADN genomique b act erien, r 

-precipitation de I'ADN plasmidique, 

-purification par double gradient de chlorure de cesium (precipitation des 
proteines, ultracentrifugation 2 fois 6 heures a 55000 rpm a 20°C, puis dialyses), 
20 -precipitation de I'ADN plasmidique (concentration de I'ADN). 

Plasmides avec gene codant pour la green fluorescent protein 

D'autres structures plasmidiques codant pour un gene marqueur de type GFP 
(green fluorescent protein) ont ete utilisees. Ce type de gene permet une 
detection par fluorescence sous Taction de rayons ultra-violets. Les plasmides 
25 utilises etaient le SV40-GFP (promoteur du Simian Virus 40) et le PET 47. La 
methode de production etait identique a celle decrite precedemment. 

1.2. Vecteurs retroviraux 

Deux types de vecteurs retroviraux transduisant le gene nls-LacZ ont ete utilises. 
Ce gene permet le marquage, en bleu, du noyau des cellules transduites apres 
30 coloration par le X-gal (5-bromo-4-chloro-3-indolyl-D-b-galactopyranoside). Les 
vecteurs retroviraux produits derivaient, pour les uns, du virus de la leucemie 
murine de Moloney (Mo-Mulv) et, pour les autres, du virus de la leucemie aigue 
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du Gibbon (Gibbon Ape Leukemia Virus (GALV) (9). Les lignees d'encapsidation 
etaient, dans le 1 er cas, des Tcrip LLZ (Tcrip-LLZ-nls LacZ) et, dans le 2 6me cas, 
des GALV 18. Ces lignees sont decrites plus loin. 

Les surnageants de production des virus ont ete recuperes et purifies par un 
5 filtre de 0,45 pm (elimination des cellules d'encapsidation et des debris 
cellulaires), puis la qualite des stocks a ete verifiee. 

Les surnageants produits ont ete repartis, dans des tubes steriles etanches, 
sous forme d'aliquots afin d'eviter des congelations successives. Les tubes 
etaient alors conserves a -80°C. 

io 2. Cultures cellulaires 

2.1. Tenocytes 

Des tenocytes ont ete isoies a partir de tendons d'Achille de souris males 
adultes de type OF1, SPF (specific pathogen free), d'environ 40 g (IFFA- 
CREDO®), ou de tendons rotuliens de lapins males de type New Zealand, SPF 
15 (specific pathogen free), d'environ 2,5 Kg (ESD® -France). Les tenocytes 
humains sont obtenus dans des conditions similaires. 

2.2. Lignees d'encapsidation 

Deux types de lignee d'encapsidation ont ete utilises pour la production des 
vecteurs retroviraux : 

20 La lignee GALV 18, produite par F.L. Cosset, qui produit des retrovirus 
recombinants dont I'enveloppe est celle du virus GALV responsable de la 
leucemie aigue du Gibbon. Ces cellules d'expression derivent de cellules 
d'osteosarcome de type TE 671 qui ont ete transferees par des vecteurs 
apportant les genes gag-pol, d'une part, et env, d'autre part, pour aboutir, apres 

25 selection, aux cellules TE FLY GA delivrant des particules virales vides. Apres 
transfection par un vecteur contenant le gene nls-LacZ, les cellules 
d'encapsidation GALV 18 ont ete obtenues. 

Les cellules d'encapsidation de type ^cripLLZ (Tcrip-LLZ-nls LacZ) sont des 
fibroblastes de souris producteurs de particules virales recombinantes 
30 amphotropes, dont I'enveloppe est celle du virus de la leucemie murine de 
Moloney. 

2.3. Milieux de culture celiulaire 
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Milieu de base : 

Deux types ont ete utilises, le DMEM (milieu de Eagle modifie par Dulbecco, 
reference 41966, Life Technologies®) et le HAM F12 (milieu de Ham, reference 
21765, Life Technologies®) (10,11). 

5 Supplementation : 
Elle necessitait: 

-du serum de veau foetal (FCS, fetal calf serum, laboratoire HyClone®), 
inactive par la chaleur, a 10 p. 100 du volume ou du serum de veau nouveau-ne 
(NN, laboratoire HyClone®), 
io -de la L-Glutamine a 4 mM/l (Gibco®), 

-un melange d'antibiotiques PSN (penicilline, streptomycine, neomycine) a 
1X (stock 100X, reference 15640-022, Life Technologies®), 

-de la vitamine C (acide ascorbique ) a 50 mg/l (Sigma®, ref : 44-03) dans, 
certains cas (12). 

15 Les tenocytes de lapin ou humains ont ete cultives dans les deux types de milieu 

„de-fa?on comparative, supplementes par du FCS, ayec et sans vitamine _C., Les 

tenocytes de souris ont ete cultives dans du DMEM supplements par du FCS et 
de la vitamine C. Lors des cultures, les cellules etaient ensemencees sur des 
supports de culture en polystyrene (Costar®) dont la taille variait de 75 a 225 

20 cm 2 . Ces supports etaient ensuite places dans un incubateur a 37°C dans une 
atmosphere enrichie en C0 2 (5% de C0 2 ). Les milieux etaient systematiquement 
renouveles tous les 2a 3 jours. A confluence, les cellules etaient decollees en 
utilisant de la trypsine-EDTA (Life Technologies®). Un echantillon etait alors 
analyse, apres coloration au bleu trypan, afin de determiner la concentration 

25 cellulaire, permettant de calculer le nombre total de cellules, et d'apprecier le 
taux de mortalite cellulaire. Le taux de reensemencement des cellules etait un 
adapte au type de manipulation. Plusieurs lignees primaires de tenocytes 
(primocultures) ont ete constitutes a partir de tissus tendineux d'origine animale. 

3. Analyse des transferts de genes in vivo 

30 3.1. Technique de coloration sur lame 

Des le prelevement sur les animaux, les tissus etaient plonges dans I'azote 
liquide puis transportes au laboratoire d'histologie. Les tissus, apres inclusion 
dans une resine, etaient decoupes au microtome, en coupes de 5 a10 pm 
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d'epaisseur. Les coupes de tissu etaient alors deposees sur lames. La fixation 
des coupes, d'une duree de 30 min, utilisait une solution de PBS contenant 1% 
de formaldehyde et 0,2% de glutaraldehyde. Apres 2 ringages au PBS, les 
coupes etaient laissees dans la solution de X-Gal pendant 4 heures. La lecture 
5 des coupes etait amelioree par la contre-coloration de quelques coupes par THE 
(hemateine-eosine) soulignant les noyaux cellulaires et permettant d'identifier la 
presence d'une infiltration de cellules mononuclees. 

3.2. Technique de coloration in toto 

Cette technique permettait de detecter une activite fi-galactosidase par la 
10 presence, dans le tissu monobloc etudie, d'une coloration bleutee visible 
macroscopiquement. 

Apres prelevement sur les animaux, les tissus etaient laves 2 fois dans du PBS. 
Pour la fixation, les prelevements« monobloc » etaient plonges, pendant 30 min, 
dans une solution de PBS contenant 1% de formaldehyde et 0,2% de 

is glutaraldehyde. Apres 2 ringages au PBS, les tissus etaient laisses dans la 
solution de X-Gal durant toute la nuit (O.N.), a une temperature de 32°C. Apres 2 
ringages au PBS, les tissus etaient inclus dans la paraffine. Des coupes, de 5 
a10 |jm d'epaisseur, centrees sur les zones bleues etaient realisees puis 
deposees sur lames. La contre-coloration de quelques coupes par THE 

20 permettait de souligner les noyaux cellulaires. 

3.3. Analyse macroscopique 

L'examen du tendon etait realise lors du prelevement mais aussi apres 
coloration de la piece in toto. 

Lors du prelevement, Taspect global du tendon et des tissus peritendineux etait 
25 etudie, ainsi que Taspect de I'articulation de voisinage (inspection du cartilage, 
des menisques et de la membrane synoviale). Les signes d'inflammation, une 
modification de volume ou de texture du tendon, et Texistence d'adherences 
etaient particulierement recherches. 

Apres coloration de la piece in toto t une analyse macroscopique du prelevement 
30 permettait la recherche d'une coloration bleutee, traduisant la presence de 
cellules transduites. Cette recherche etait effectuee, dans et autour du tendon, 
en precisant la taille, la situation et la diffusion de cette coloration. 

3.4. Analyse microscopique 
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Les inclusions de tissus, les coupes et les interpretations de lames ont ete 
realisees. Les techniques employees etaient, soit la technique de coloration sur 
lame (technique classique), soit la technique de coloration in toto. 
L'analyse des lames s'attachait a mettre en evidence la presence d'une 

5 coloration bleue signant la presence de cellules transduites dans le tendon. Le 
bleu etait strictement nucleaire avec le gene nls-LacZ, et, nucleaire et 
cytoplasmique avec le gene LacZ. La distribution des zones bleutees etait notee. 
Par ailleurs, Tinfiltration de cellules mononucleees ou un aspect 
d'hypervascularisation, traduisant une reaction inflammatoire, etaient recherches 

10 autour des zones bleutees. La lecture etait amelioree par la contre-coloration a 
THE. L'etude de tendons injectes, dans les memes conditions sans gene LacZ, 
permettait de verifier Tabsence d'activite B-Galactosidase endogene. 



EXEMPLE 1 : PRODUCTION ET CULTURE DE TENOCYTES -asajS*, 

15 

Cet exemple decrit la production et la culture dejenocytes qbtenus a partir de 
fragments de tissus sains. 

Apres prelevement du tendon, realise sur le sujet dans des conditions d'asepsie, 
les cellules ont ete obtenues par deux etapes : 

20 - le decoupage mecanique du prelevement tendineux en fragments 

millimetriques, a Taide de ciseaux fins. Les fragments etaient ensuite mis en 
culture. 

- la digestion enzymatique par la collagenase de type D a faible activite 
trypsinique (Boehringer®, ref. 1.088.866). Une phase de digestion initiale utilisait 

25 une solution de HBSS (Solution saline equilibree de Hanks, Life Technologies®) 
renfermant 1 mg/ml de collagenase (soit 112 U/ml) sous un volume equivalent a 
5 ml de solution pour 0,1 g de tissu a digerer (10). Le tube etait place, dans 
Tincubateur a 37°C, sur un agitateur rotatif, pendant une heure. Une seconde 
phase de digestion utilisait une solution renfermant 0,25 mg/ml de collagenase 

30 sous un meme volume. Le tube etait alors place dans I'incubateur a 37°C O.N. 
(over-night). Le lendemain, le contenu du tube etait passe sur un filtre de 70 pm 
(cell strainer®) puis mis en culture dans une flasque de 25 cm 2 apres 2 lavages 
au PBS (Dulbecco's phosphate buffered saline, Gibco®). 
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Les cultures primaires etaient realisees dans les conditions decrites plus 
.haut. Le milieu etait renouvele toutes les 48 H, le repiquage effectue lorsque les 
cellules anivaient a confluence. 

5 Lors de deux manipulations distinctes realisees sur deux lapins differents, 
I'apparition des premieres lignees cellulaires etait observee a partir du 13eme 
jour apres la dilaceration mecanique du prelevement tendineux (1/3 du tendon 
rotulien, soit environ 160 mg). Lors de Tassociation a la digestion enzymatique 
par la collagenase D, dans deux autres manipulations, les premieres lignees 

10 cellulaires apparaissaient vers le 4eme jour. La confluence, sur un support de 25 
cm 2 , etait obtenue aux alentours du 21® me jour apres dilaceration mecanique 
isolee et aux alentours du 16 6me jour apres dilaceration mecanique associee a la 
digestion enzymatique O.N. 

15 .Lors de deux manipulations distinctes, la dilaceration mecanique d'un tendon 
d'Achille de souris, associee a la digestion enzymatique par la collagenase D, a 
permis d'isoler le 1 er jour de 5 a 10 3 cellules par tendon (d'environ 25 mg). La 
confluence, sur un support de 25 cm 2 , etait obtenue en 12 jours et un nombre de 
cellules, de Tordre de 3.1 0 6 cellules, etait obtenu en 21 jours. 

20 

Lors de plusieurs manipulations distinctes, la dilaceration mecanique de 
fragments de tendon d'Achille humains, associee a la digestion enzymatique par 
la collagenase, a permis d'isoler des tenocytes humains, et de placer et 
maintenir ceux-ci en culture. Les resultats presentes sur la Figure 12a montrent 
25 que les tenocytes humains, aux differents passages, presentent une capacite de 
proliferation (expansion) in vitro importante, permettant de generer suffisamment 
de cellules viables et biologiquement fonctionnelles pour des applications 
therapeutiques. 

30 Les tenocytes isoles a partir de tendons de lapins NZ etaient de grosses cellules 
fusiformes d'allure fibroblastique. 
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A confluence, la densite cellulaire etait d'environ 2,8.10 4 cellules par cm 2 . Cette 
valeur a ete constatee sur differentes tailles de support de culture cellulaire (de 
25 a 220 cm 2 ) en laissant les cultures approcher de la confluence maximale en 
monocouche. Au-dela de la confluence, ces cellules se developpaient sur des 

5 couches superposees et cela ne permettait plus de les separer correctement. 
La taille des tenocytes a ete estimee par le rapport de la valeur de la surface du 
support de culture sur le nombre de tenocytes a confluence. Cette taille etait de 
I'ordre de 3,6. 10 3 p 2 . Compte tenu des observations microscopiques qui 
montraient que le rapport de longueur sur largeur etait d'environ 4/1 , la taille des 

io tenocytes etait estimee a environ 120 p de long sur 30p de large. Cependant, il a 
ete observe que la taille et la forme de ces cellules variaient selon le degre de 
confluence et la frequence de repiquage. 

Des essais de culture primaire utilisant des taux d'ensemencement variables (du 
1/16 de confluence a % tie confluence) ont montre que le developpement des 
is tenocytes semblait optimal lors de I'ensemencement au !4 de confluence. Ce\a i a 
ete evalue de fagon semi-quantitative en appreciant le temps de doublement et 
en tenant compte de la frequence de repiquage. En effet, les decollements 
" devaient etre reguliers" avec une frequence inferieure a 8 "jours. Ao-dela~de ce 
delai, meme s'ils n'etaient pas a confluence, les tenocytes necessitaient un 
20 temps de contact prolonge avec la trypsine, le taux de mortalite cellulaire 
' devenait important et la dissociation des tenocytes etait de mauvaise qualite. 

Le temps de doublement cellulaire a ete estime sur deux cultures de tenocytes, 
issus d'un meme lapin, poursuivies au-dela de 45 jours. Les conditions de 
cultures etaient identiques dans les deux experiences. Les tenocytes etaient 
25 ensemences, au % de confluence (7.10 3 cellules / cm 2 ), sur un support de 150 
cm 2 , le milieu etait renouvele tous les 2 jours et le repiquage effectue une fois 
par semaine. 

Les tenocytes de lapin etaient au 9 6me passage dans I'experience 1 et au 18 eme 
passage dans Texperience 2. Le temps de doublement des tenocytes variait, de 
30 fagon importante, dans une meme culture dans des conditions de repiquages 
reguliers. La vitesse de croissance des tenocytes, par diminution du temps de 
doublement, tendait a augmenter avec le nombre de passages. Les resultats 
sont rapportes dans le tableau I. 
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Des tenocytes humains sont obtenus dans les memes conditions, a partir de 
tendons ou fragments de tendons humains, tels que tendons de la patte d'oie, 
tendon rotulien ou tendon du muscle petit palmaire. 

5 EXEMPLE 2 : CONGELATION DES TENOCYTES 

Des methodes de conservation par congelation des tenocytes ont ete 
developpees afm de pouvoir facilement disposer de cellules pour les differentes 
experimentations, sans avoir besoin de recourir a de nouvelles extractions. 

10 Get exemple montre que les tenocytes primaires ou secondaires peuvent etre 
congeles sans alterer leur viabilite. 

Les congelations ont ete realisees en presence de DMSO, dans un milieu 1/2 
volume de serum de veau nouveau-ne et 1/2 volume d'un melange de RPMI 
renfermant 20% de DMSO. Les tubes etaient conserves a -80°C puis dans 
15 I'azote liquide. Des resultats positifs peuvent egalement etre obtenus en realisant 
la congelation des tenocytes en presence de milieux depourvus de DMSO et/ou 
de glycerol, tels que decrits dans la description. 

Toutes les experiences de congelation-decongelation (environ 30 
20 decongelations) ont montre la bonne tolerance des tenocytes a la technique de 
congelation utilisee. Apres decongelation, le taux de mortalite etait faible et les 
cellules retrouvaient des caracteristiques de croissance in vitro similaires aux 
cellules de passage identique et non congelees. Ces resultats sont d'autant plus 
interessants que les tenocytes sont des cellules a vie limitee dont le nombre de 
25 divisions est restreint (13). En definitive, dans des delais relativement courts, il 
est possible d'obtenir un nombre eleve de cellules que Ton peut congeler en vue 
d'une utilisation ulterieure. A cet egard, la Figure 12b demontre les capacites de 
survie et de croissance de tenocytes humains apres congelation/decongelation. 
Cette figure montre ainsi que les tenocytes humains peuvent etre congeles et 
30 decongeles, que ces cellules restent viables et cultivates, qu'elles peuvent etre 
multiplies in vitro apres decongelation, et restent biologiquement fonctionnelles. 



MSDOCID: <WO 0126667A1 I > 



WO 01/26667 PCT/FR00/02802 

34 

EXEMPLE 3 : TRANSFER! DE GENES DANS LES TENOCYTES IN VITRO 



Cet exemple montre la, possibility de transferer efficacement des genes dans 
des tenocytes in vitro. Pour le transfert de genes in vitro (ou ex vivo), differentes 
5 techniques peuvent etre utilisees. Dans les exemples, le transfert de genes a ete 
etudie in vitro sur des tenocytes par Tintermediaire de plasmides ou de 
retrovirus. 

3.1. Transfert de plasmides 

io Les plasmides testes etaient de type LacZ (CMV-LacZ) et de type GFP (SV40- 
GFP et PET 47). Les transfections ont ete realisees avec 10 pg d'ADN par puits 
de 10 cm 2 contenant 2.10 5 tenocytes. Les plasmides ont ete utilises nus ou 
enrobes de PEI (30 pi a 10~ 2 M par puits). L'efficacite du transfert etait appreeiee 
.par lecture directe des puits, par comptage des cellules transduites apres 

is decollement (apres coloration au X-Gal ou comptage par FACS) ou par la 
technigue de c^ 

Le 1 er jour, les tenocytes etaient mis en culture sur des supports de 9-cm 2 
de fagon a obtenir le lendemain une confluence de 60 p. 100. 

Le 2 eme jour, apres retrait du milieu de culture usage, un volume de 0,5 ml 
20 de solution de HBSS, contenant la quantite voulue de plasmide, etait verse sur la 
monocouche de tenocytes. Puis le support etait remis dans I'incubateur (a 37°C, 
5% de C0 2 ) et un volume de 1 ,5 ml de milieu etait ajoute 2 heures plus tard. 

Le 3 eme jour, I'efficacite de la transfection etait evaluee. 

Les resultats obtenus montrent que la transfection de tenocytes in vitro par des 
25 vecteurs non-viraux est possible. En particulier, les resultats obtenus montrent 
un taux de transfection, calcule sur 100 cellules en presence de PEI de I'odre de 
10%. L'activite (i -galactosidase a ete calculee, dans deux experiences, dans 
des puits de 10 cm 2 contenant des tenocytes transfectes par 10 pg d'ADN et 30 
pi de PEI a 10" 2 M. Cette activite etait de 9 pg et de 34,5 pg de fi-galactosidase 
30 pour un temoin negatif a 0 pg. La transfection par le plasmide SV40-GFP (10 pg) 
enrobe de PEI (30 pi a 10" 2 M) montre egalement un taux de transfection calcule 
par FACS sur 1500 cellules de I'odre de 24%. 
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Ces resultats montrent done que les tenocytes, in vitro, peuvent etre transfectes 
par des vecteurs non-viraux, en particulier par de I'ADN plasmidique. 

3.2. Transfert par un retrovirus 

5 Apres leur titration sur cellules de reference, les vecteurs retroviraux ont ete 
utilises pour infecter in vitro des tenocytes humains, de lapin et de souris. 
L'efficacite du transfert a ete appreciee par lecture directe des puits, par 
comptage des cellules transduites apres decollement ou par la technique de 
chemi-luminescence. 

10 L'influence des conditions d'infection sur l'efficacite du transfert a ete analysee 
en etudiant I'infection de tenocytes de lapin par des vecteurs retroviraux de type 
GALV tout en faisant varier le taux de confluence des tenocytes et le rythme de 
renouvellement du surnageant viral. 

L'efficacite de transduction des retrovirus GALV 18 et NPcrip-LLZ a ete comparee 
is en anafysant, dans des conditions identiques, le taux et I'activite fi-galactosidase 
des tenocytes transduits. Le taux d'expression de la fi-galactosidase par un 
tenocyte transduit a ete calcule, pour chacun des 2 types de retrovirus, par le 
rapport du taux d'expression global sur le nombre total de tenocytes transduits. 

Le 1 er jour, les cellules etaient mises en culture sur des supports de 9 cm 2 
20 de fagon a obtenir le lendemain la confluence souhaitee. 

Le 2 6me jour, apres retrait du milieu de culture usage, chaque puits recevait 
un volume de 0,5 ml de surnageant contenant les virus, auquel etait ajoute 4 pi 
de Polybrene (soit 8 pi / ml). Puis le support etait remis dans I'incubateur (a 
37°C, 5% de C0 2 ) et un volume de 1,5 ml de milieu frais etait ajoute, dans 
25 chaque puits, 4 heures plus tard. 

Le 3 6me jour, I'analyse de l'efficacite de transfert etait effectuee. 

L'appreciation de l'efficacite du transfert etait, soit realisee par lecture directe sur 
supports de culture (estimation semi-quantitative), soit realisee par comptage 
apres decollement des cellules (valeur precise du taux de cellules transduites). 
30 La fixation des cellules transduites par le gene GFP etait realisee par une 
solution de PBS contenant 1% de paraformaldehyde, celle des cellules 
transduites par le gene Lac-Z utilisait une solution de PBS contenant 1% de 
formaldehyde et 0,2% de glutaraldehyde. 
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Resultats 

La titration des surnageants retroviraux, produits par les cellules d'encapsidation 
^Fcrip-LLZ, a ete effectuee sur des cellules 3T3 NIH (ensemencees a 2.10 5 
5 cellules par puits de 10cm 2 ). Le titre etait de I'ordre de 3.10 5 pfu/ml de 
surnageant. 

La titration des surnageants retroviraux, produits par les cellules d'encapsidation 
GALV 18, a ete effectuee sur des cellules HCT 116 (ensemencees a 5.10 5 
cellules par puits de 10cm 2 ). Le titre variait de 2 a 5.10 5 pfu/ml de surnageant. 

10 

Infection des tenocytes de lapin par les vecteurs retroviraux 
Influence des conditions defection sur le taux de transduction virale 

Le taux de transduction in vitro des tenocytes de lapin, a ete mesure en faisant 
varier le taux de confluence des tenocytes et les conditions de contact avec le 
!5._ _ surnageant. viral GALV„18 (fig,7). Le surnageant .yiraj etait utihse pur 

heures et etait renouvele ou non. Les resultats ont ete evalues par comptage 
manuel du nombre de tenocytes transduits dans un echantilion de 500 cellules 
(tableau II). Aucun tenocyte transduit n'etait present dans le temoin non infecte. 

Le taux de transduction des tenocytes a semble optimal au V4 de confluence et 
20 en Tabsence de renouvellement du surnageant viral. Ce taux tendait a diminuer 
avec Taugmentation de la confluence des tenocytes et le nombre de 
renouvellements du surnageant. 

Comparaison du taux de transduction par les retrovirus GALV 18 et ^Fcrip-LLZ: 

25 La capacite d'infection des tenocytes de lapin par les vecteurs retroviraux a ete 
testee in vitro dans des puits de 10 cm 2 , contenant 7.10 4 cellules. Le taux de 
transduction des tenocytes a ete calcule, a partir d'echantillons de 500 cellules, 
lors de 2 experiences utilisant le meme surnageant viral. Le taux de transduction 
etait de 0,6% et de 0,7% avec les retrovirus ^crip-LLZ et, de 36,6% et de 39,8% 

30 avec les retrovirus GALV 18. Dans les temoins (puits non infecte), aucun 
tenocyte n'etait transduit. 
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L'activite (i-galactosidase des tenocytes transduits, dans des puits de 10 cm 2 , 
par ces vecteurs retroviraux, a ete mesuree dans les memes conditions 
d'experience. Cette activite etait, apres infection par les retrovirus ^crip-LLZ, de 
106 pg et 166 pg, soit 0,25 et 0,34 pg par tenocyte transduit. Elle etait, apres 
5 infection par les retrovirus GALV 18, de 6274 pg et 8876 pg, soit 0,25 et 0,32 pg 
par tenocyte transduit. Le bruit de fond (cellules non infectees) etait de 5 pg. 

. Cinetique 

Uevolution dans le temps du nombre total theorique de tenocytes transduits, 
10 apres infection par des vecteurs retroviraux de type GALV 18, est reportee dans 
le tableau III. Les resultats sont issus de 2 experiences utilisant des tenocytes 
infectes a passage 9 (exp. 1) et 18 passage (exp. 2). Compte tenu de revolution 
exponentielle, les resultats etaient exprimes en log du nombre de cellules 
obtenues et representes sous forme de courbe (fig. 3). Une courbe de tendance, 
is calculee pour chaque experience, permettait d'apprecier la cinetique et 
d'extrapoler les resultats. 

L'evolution du taux de cellules transduites a ete analysee dans 2 experiences 
utilisant des tenocytes de lapin infectes, par des vecteurs retroviraux de type 
GALV, a passage 9 (fig.4) et a passage 18 (fig.5). Les resultats, representes 
20 sous forme de courbes, etaient exprimes par la moyenne de 2 mesures. 
L'intervalle de confiance avait la valeur d'un ecart-type. 

La presence du transgene dans les tenocytes etait encore significative a 77 jours 
de recul de Tinfection. Le taux des tenocytes transduits etait relativement stable 
avec une tendance a Taugmentation. 

25 

Infection des tenocytes de souris par les vecteurs retroviraux 

L'infection des tenocytes de souris, par le vecteur retroviral ^Fcrip-LLZ, a ete 
testee in vitro sur des cellules au !4 de confluence en utilisant du surnageant 
viral pur pendant 4 heures. Lors de Tinfection de puits de 10 cm 2 , contenant 
30 1.4.10 5 tenocytes, le nombre de tenocytes transduits etait de 245 par ml de 
surnageant viral pur. 
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Infection de tenocytes humains par un retrovirus 

Les tenocytes humains en culture (passage P2) ont ete incubes en presence de 
surnageant de retrovirus GALV18, contenant le gene nls-LacZ, dans les 
conditions decrites ci-avant. Trois jours apres I'infection, les cellules ont ete 
5 fixees a la formaldehyde et colorees au X-gal pour reveler I'expression du gene 
LacZ. 

Les resultats obtenus sont presentes sur la Figure 13, et montrent une efficacite 
de transduction elevee des tenocytes humains. Ces resultats montrent done que 
les tenocytes humains, en culture, peuvent etre modifies genetiquement de 
io maniere efficace, par I'emploi de retrovirus, et peuvent done acquerir des 
proprietes avantageuses pour les utilisations therapeutiques de I'invention. Ces 
resultats sont egalement transposables a la modification genetique directe in 
vivo. 

15 . Constitution d'une lignee transduite par le gene nls-LacZ 

Des tenocytes, .jssus cfexplants de tendons rptuljens de ja 

ete infectes par des vecteurs retroviraux de type GALV 18 vehiculant le gene 

nls-LacZ. 

Les conditions d'infection etaient Tensemencement de tenocytes, au 1/4 de 
20 confluence, dans une flasque de 150 cm 2 puis leur infection, pendant 4 heures, 
par un surnageant viral pur et non renouvele. Le milieu, rajoute a 4 heures, 
contenait du DMEM supplements en vitamine C. 

Les cultures etaient poursuivies, dans des flasques de 150 cm 2 , avec un 
repiquage au 1/4 de confluence chaque semaine. Lors de chaque decollement, 
25 I'examen d'un echantillon de cellules permettait de determiner le nombre total de 
cellules obtenues. Le taux de cellules exprimant le transgene etait calcule, apres 
coloration au X-Gal, a partir de 2 mesures portant sur 500 cellules chacune. 

Ces lignees, de passages 9 et 18, ont ete utilisees pour analyser, apres infection 
par des vecteurs de type GALV 18, revolution dans le temps du nombre des 
30 cellules transduites ainsi que la proportion de ces cellules au sein de la culture, 
la selection des cellules transduites etant impossible avec le vecteur GALV 18. 
Les cultures etaient repiquees une fois par semaine, au V* de confluence, dans 
des supports de 150 cm 2 . Lors du repiquage, le nombre de cellules utilise ne 
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tenait compte que des cellules vivantes, apres coloration au bleu Trypan. Le 
nombre total de cellules obtenues en une semaine etait mesure apres retrait des 
cellules mortes en culture mais tenait compte des cellules mortes lors du 
decollement. Le comptage manuel des cellules etait effectue, par 2 observateurs 

5 independants, a partir d'un echantillon de la suspension de cellules. L'evolution 
du nombre total theorique de tenocytes a pu etre calculee et representee sous 
forme de courbes. Le pourcentage de cellules transduites etait mesure, apres 
coloration au X-Gal, par comptage manuel de 2 echantillons de 500 elements. 
La mesure iterative du taux de cellules transduites a permis 1'etude de la stability 

io de ce taux, sur une periode de plus de 45 jours, a partir de 2 lignees transduites. 



EXEMPLE 4 : TRANSFERT DE GENES DANS LES TENOCYTES IN VIVO 



Cet exemple montre la possibility de transferer des acides nucleiques 
is recombinants dans les tenocytes in vivo. En particulier, cet exemple montre la 
possibility de realiser un transfert non-viral in vivo, notamment au moyen d'ADN 
nu. 

Dans cet exemple ,des essais de transfection par plasmide ont ete effectues in 
vivo dans des tendons d'Achille. 

20 Apres determination du volume injectable au niveau d'un tendon d'Achille de 
souris (< ou egal a 40 pi), des essais de transfert in situ ont ete realises par 
Tinjection de 20 et 40 pg de plasmides nus afin d'etudier la possibility de 
transfection in vivo et d'evaluer la duree depression du transgene. Des 
experiences ont ete realisees afin d'ameliorer Tefficacite du transfert. Differentes 

25 conditions de transfert ont ete analysees en faisant varier la formulation du 
plasmide (nu ou enrobe de PEI), la quantite injectee (de 3,5 a 40 pg) et le 
volume injecte (de 0,5 a 40 pi). La technique d'injection etait soit percutanee, soit 
a ciel ouvert. 

Les resultats de ces transfections ont ete apprecies qualitativement, par des 
30 examens macroscopiques et histologiques, et quantitativement par le dosage de 
Tactivite p-galactosidase. 
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Un essai de transfert in situ a ete realise par I'injection de 100 pg de plasmides 
nus dans des tendons d'Achille afin d'etudier la possibility de transfection in vivo 
chez le lapin. 

La tolerance des transfections a ete etudiee macroscopiquement et par Texamen 
5 histologique utilisant notamment la contre-coloration des lames par THE. 

4.1, Modeles animaux 

Le 1 er modele utilisait des souris males adultes de type OF1, SPF (specific 
pathogen free), de 40 g (IFFA-CREDO®). L'anesthesie etait assuree par 
10 Tutilisation d'Avertine® (tri-bromo-ethanol, a 25 mg/ml) a la dose de 250 mg/Kg, 
soit environ 400 pi administre par voie IP (intra-peritoneale). Le sacrifice: des 
souris etait realise par dislocation cervicale. 

Le 2* me modele utilisait un lapin male de type New Zealand, de 4 semairres, 
pesant 2,5 Kg (ESD 01-France). L'anesthesie etait assuree par ('utilisation' 
!5 d'Hypnovel® 5 mg (1 ml) administre par voie IM et de Ketalar® (ketamine) a la 

- dose de 80 mg/Kg administre par voie IM: Le sacrifice etait realise par I'injection 

IV d'une dose letale (50 mg) de Nesdonal® (thiopental). 

4.2, Injection de plasmides nus ou enrobes 

20 Le plasmide utilise, lors des transferts in vivo, etait le CMV-LacZ. Un plasmide 
non LacZ (irelevant), par exemple un plasmide GFP, etait utilise comme temoin 
negatif. Dans les experiences chez les souris, les plasmides ont ete utilises a 
differentes concentrations (de 1 pg/pl a 7,25 mq/m') et sous differents volumes 
(de 0,5 a 40 pi). Chez le lapin, 100 pg de plasmide a 1 pg/pl ont ete utilises. Les 

25 plasmides etaient utilises seuls (plasmides nus) ou combines au PEL 

L'injection etait effectuee dans et parallelement au tendon, de fa?on ascendante, 
soit par voie percutanee, soit apres incision cutanee permettant le controle visuel 
du positionnement de I'aiguille. Des seringues delivrant des microvolumes 
etaient utilisees (Hamilton®). Une 1 ere serie d'injections percutanees, avec du 
30 bleu de methylene dilue au 1/10, a ete realisee afin de determiner le volume 
maximal admissible en regard des tendons d'Achille de souris sans qu'il y ait de 
diffusion importanie: 
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4.3. Resultats 

Transfection in vivo dans des tendons d'Achille de souris 

5 Une premiere serie d'injections de plasmide CMV-LacZ nu a ete effectuee dans 
le but d'evaluer la possibility de transfection in situ, L'expression du transgene a 
ete analysee 48 heures et 96 heures apres injections percutanees de plasmides 
CMV-LacZ nus dans les tendons d'Achille de 2 souris. 

II est apparu que le transfert apres injection de 40 pg d'ADN semblait meilleur 
10 qu'apres injection de 20 pg d'ADN. Le transgene etait visible a J2 et a J4. Le 
transfert semblait juxta-tendineux et non present sur toutes les coupes. 
L'examen de 2 tendons non injectes, par le plasmide CMV-LacZ, montrait 
I'absence d'activite p-galactosidase endogene. 

La faisabilite de la transfection in situ au moyen du plasmide CMV-LacZ nu etant 
15 prouvee, la 2 nde etape a ete I'etude de la duree d'expression du transgene. 
L'expression du gene Lac Z a ete analysee a J2, J4 et J8 dans une serie de 9 
souris. Une injection percutanee de 40 pg de CMV-LacZ nu (1 pg/pl) etait 
realisee dans les tendons droits tandis qu'une injection percutanee de 40 pg 
d'ADN plasmidique non LacZ (irelevant) nu (1 pg/pl) etait realisee dans les 
20 tendons gauches. 

L'etude histologique a ete realisee aux 3 delais par coloration au X-Gal sur lame 
des tendons de 3 souris. L'examen de coupes transversales etagees montrait la 
presence du marqueur dans les tendons droits (sur une partie des coupes de 
chaque tendon) et Tabsence du marqueur sur toutes les coupes de tendons 
25 gauches constituant les temoins negatifs. L'examen exhaustif des tendons par 
des coupes transversales se revelait impossible a realiser car il aurait necessite 
plus de 400 coupes par tendon de souris. 

L'examen des tendons de 6 souris, par la technique de coloration au X-Gal in 
toto, a permis de voir macroscopiquement une zone bleue a J2 et J8. Des 
30 coupes transversales, orientees sur ces zones bleues, permettaient de retrouver 
des plages de cellules transduites. 

En resume, le transgene a ete uniquement retrouve sur les tendons injectes par 
le plasmide CMV-LacZ nu, aux 3 delais de J2, J4 et J8, et l'expression du 
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transgene etait paratendineuse. Aucune reaction inflammatoire rfa ete mise en 
evidence, ni macroscopiquement, ni histologiquement. 

Comparaison de I'iniection de plasmides CMV-LacZ nus et enrobes de PEI 

influence d'un agent facilitant (PEI) sur le transfer! in vivo a ete evaluee. Cette 
etude, effectuee au temps precoce, a analyse les resultats de Tinjection de 
plasmides CMV-LacZ, nus ou enrobes de PEI, dans 4 tendons d'Achille de 
souris. Les plasmides ont ete injectes, sous un meme volume (40pl), sous 
controle de la vue apres incision cutanee. 

II etait apparu, lors des injections, qu'au-dela de 10 pi le liquide refluait hors du 
tendon. De meme, I'aiguille devait rester en place au minimum une minute pour 
"eviter ce reflux lors du retrait de I'aiguille. 

La technique de coloration au X-Gal in toto, effectuee a 48 H, a montre sur des 
coupes transversales centrees sur les zones macroscopiquement bleues des 
tendons, la presence d'une activite p-galactosidase dans la profondeuWdes 
tendons (figures 9). La difference d'intensite de transfection, entre plasmides^nus 
et enrobes de PEI, n'a pas pu etre quantifiee sur les coupes histologiques. La 
coloration, egalement appliquee sur les tissus peritendineux a la recherche d!une- 
diffusion, a montre I'absence de p-galactosidase en position peritendineuse 
tendons. 

Injection de plasmides CMV-LacZ nus apres incision cutanee 

La realisation d'une incision cutanee, lors de Tinjection des plasmides, permettait 
le controle visuel de Tinjection, comme cela a ete montre dans I'etude 
precedente. Afin de valider cette technique, I'analyse de Texpression du 
transgene a ete realisee sur les tendons de 3 souris. Ces tendons ont ete 
injectes avec 40 pg de plasmide CMV-LacZ nu du cote droit (sous 40 pi) et avec 
40 pg de plasmide non LacZ du cote gauche (sous 40 pi). Le transfert du gene 
Lac Z a ete analyse par coloration au X-Gal in toto, c'est a dire sur tout le 
prelevement (muscle-tendon et tissus peri-tendineux), a 48 heures. Le resultat 
macroscopique etait tres positif sur les 3 tendons droits et negatif sur les tendons 
gauches servant de controle (figures 9). Les zones de transduction, bleues, 
etaient tres limitees et localisees sur le tendon et le paratendon. Les coupes 
histologiques, de bonne qualite, montraient la presence du transgene a Tinterieur 
du tendon, prouvant la possibility de transduction des cellules intra-tendineuses 
par une technique d'injection adaptee. Dans tous les cas, les zones de 
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transfection etaient localisees, voire limitees a la zone de traumatisme du biseau 
•de I'aiguille (figure 9). 

L'intensite depression du gene Lac Z a ete etudiee a 48 heures de la 
transfection in situ des tendons d'une serie de 4 souris. Les tendons etaient 

5 injectes, sous controle de la vue, avec un volume de 20 pi contenant 40 pg 
d'ADN (2 pg/pl)- Six des huit tendons ont ete injectes avec le plasmide CMV- 
LacZ, les deux autres par un plasmide non LacZ (temoins). Apres prelevement, 
a 48 heures, les tendons ont ete repartis au hasard dans deux groupes, chacun 
des groupes ayant un tendon temoin. Le 1 er groupe a ete etudie par la technique 

10 de coloration au X-gal in toto tandis que le 2 nd groupe etait etudie en utilisant le 
kit de chemi-luminescence permettant la quantification de I'activite p- 
galactosidase. Le but de I'etude par ces 2 techniques, en parallele, etait de 
verifier que la technique du kit, analysant uniquement le tendon, s'effectuait sur 
des tendons reellement transduits comme pouvaient le montrer les etudes 

15 macroscopiques et histologiques realisees sur I'autre groupe de tendons. 

La technique de coloration au X-gal in toto, de bonne qualite technique, a 
confirme la presence de cellules transduites dans les tendons injectes par le 
plasmide CMV-LacZ alors que le tendon temoin etait negatif. 
La quantification de I'activite p-galactosidase, par le kit de chemi-luminescence, 

20 a montre un taux d'expression proche dans les 3 tendons injectes par le 
plasmide CMV-LacZ (tableau IV). Chaque mesure a ete effectuee 2 fois, la 
conversion effectuee a partir de la gamme avait un coefficient de determination 
R 2 egal a 0,998, temoignant de la precision du calcul de conversion. 

25 Injections de plasmides CMV-LacZ nus sous differents volumes et 
concentrations 

Differentes possibilites de formulation des plasmides ont ete analysees en vue 
de Toptimisation du transfert in situ. Le but etait d'abord d^tudier Tinfluence des 
volumes injectes sous une concentration donnee. Afin de conserver une quantite 
30 suffisante de plasmides, le volume maximal injectable dans un tendon etant de 
10 pi, la concentration utilisee etait de 7,25 pg/M 1 - Differentes conditions de 
transfection in vivo ont ete etudiees, 48 heures apres ('injection de plasmides 
CMV-LacZ nus, dans une serie de 5 souris. Neuf tendons ont ete injectes avec 
un volume variable, de 0,5 a 8 pi, de plasmides CMV-LacZ. Le dernier tendon, 
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servant de controle, a ete injecte avec un plasmide non LacZ. Les resultats de 
ces transfections ont ete evalues par mesure de I'activite p-galactosidase en 
utilisant le kit de chemi-luminescence. Les resultats de deux mesures distinctes, 
realisees a des temps differents, montraient la variation des valeurs de chaque 
5 echantillon (tableau V). 

Transfection in vivo dans des tendons d'Achille de lapin. 

L'etude de la distribution du gene LacZ, apres injection intra-tendineuse pure de 
100 [ig de plasmide CMV-LacZ nu dose a 1 pg/pl dans deux tendons d'Achille de 

10 lapin, a montre I'efficacite du transfert plasmidique. La mise en evidence du 
transfer! a ete effectuee par la coloration standard au X-Gal. Les coupes 
histologiques transversales, realisees a 24 H, etaient dirigees sur la zone 
injectee. Le transfert etait strictement intra-tendineux et aucune coloration n'etajjt 
visible en dehors du trajet d'injection. Compte tenu de la grande taille des 

15 tendons, quelques coupes seulement ont pu etre realisees. 

Analyse de la tolerance des transfections in vivo. 

Lors de Texamen macroscopique des tendons de souris ou de lapin, aucun signe 
d'inflammation n'a ete vu que ce soit au niveau du tendon, des tissus peri- 
20 tendineux ou de I'articulation de la cheville. 

Lors de I'analyse microscopique, amelioree par la contre-coloration a THE, 
aucune infiltration de cellules mononucleees n'a ete vue autour des tenocytes 
transduits par le gene LacZ. 

25 L'ensemble des resultats obtenus montre done que le transfert de plasmides in 
vivo dans les tenocytes est possible, avec de TADN nu ou associe a un agent 
facilitant (type polymere cationique), que ce transfert permet ('expression d'un 
gene recombinant dans les tenocytes in vivo, et que le transfert n'induit pas 
d'inflammation autour des cellules transduites ni de modification du volume du 

30 tendon. 
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EXEMPLE 5: IMPLANTATION IN VIVO DE TENOCYTES MODIFIES 
GENETIQUEMENT EX VIVO 

Des essais de transfert de gene ont ete effectues dans des tendons par 
5 rintermediaire de tenocytes homologues modifies genetiquement ex vivo (en 
particuliertransduits par des retrovirus GALV 18). 

Un 1er essai a etudie la possibility de detecter I'expression precoce du 
transgene, lors de la reimplantation de 5.1 0 6 tenocytes transduits. Les essais 
suivants ont evalue la duree d'expression du transgene par une analyse a 
10 differents delais (de 24 heures a 26 jours) apres implantation de 5.10 6 tenocytes 
transduits. La tolerance du transfert ex vivo a ete particulierement etudiee lors 
d'examens macroscopiques et histologiques. 

5.1. Modele animal 

15 Des lapins males de type New Zealand, de 4 semaines, pesant 2,5 Kg (ESD 01- 
France) ont ete utilises. L'anesthesie etait assuree par I'utilisation dHypnovePs 
mg (1 ml) administre par voie IM et de Ketalar® (ketamine) a la dose de 80 
mg/Kg administre par voie IM. Le sacrifice etait realise par I'injection IV d'une 
dose lethale (50 mg) de Nesdonal® (thiopental). 

20 

5.2. Preparations cellulaires 

Les cellules, implantees ou reimpiantees, etaient des tenocytes autologues ou 
homologues (allogeniques). Un nombre variable de tenocytes (de 2.10 6 a 5.10 6 
cellules), contenus dans un volume de 250 pi d'une solution de DMEM, a ete 
25 utilise. Les tenocytes etaient fraichement infectes, ou issus d'une lignee 
transduite, par des vecteurs de type GALV 18 vehiculant le gene nls-LacZ. 

5.3. Injection des cellules 

La zone operatoire etait preparee en respectant les conditions d'asepsie 
30 chirurgicale. L'injection de la preparation cellulaire etait effectuee, dans le tendon 
ou dans sa gaine, parallelement au tendon et apres incision cutanee permettant 
le controle visuel. Une seringue d'un ml, de type « insuline », etait utilisee avec 
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une aiguille de 22 G. L'incision cutanee etait refermee par une suture simple au 
fil de nylon. 

5.4. Resultats 

5 Les essais de transfert ex vivo ont ete effectues sur des tendons rotuliens de 
lapins males de type New Zealand, ages de 4 semaines. 

Etude du transfert au temps precoce 

Dans le but d'evaluer la possibility du transfert de gene ex vivo, I'expression du 
10 transgene dans des tendons rotuliens sains a ete analysee a court terme. La 
reimplantation, dans chacun des tendons rotuliens d'un lapin, de 5. 10 6 tenocytes 
homologues a ete etudiee a un delai de 24 heures. Parmi ces tenocytes de 
passage 18 et fraichement infectes, 60 p. 100 etaient transduits. L'implarrtation 
de ces tenocytes etait effectuee dans des tendons intacts, apres incision 
is cutanee epargnant la gaine. Le 1 er cote etait injecte dans la gaine et le tendon, le 

2 nd dans le tendon uniquement. — 

Les analyses macroscopiques et histologiques (coloration sur lames), realisees 
a 24 heures, ont montre I'absence d'adherence cutanee et de reaction 
inflammatoire (articulaire et extra-articulaire). Le gene marqueur a ete tres 
20 nettement detecte sur les coupes histologiques avec la technique de coloration 
au X-Gal sur lames (Figure 10). 

Etude de la duree de detection du transgene 

Analyse du transfert de J2 a J8 

L'analyse effectuee au temps precoce ayant montre la possibility de realisation 
25 du transfert ex vivo et sa detection par la technique histologique de coloration 
sur lames, une 2 nde etude a consiste a etudier la duree d'expression du 
transgene dans des tendons intacts de lapin. La reimplantation, dans chacun 
des tendons rotuliens, de 5.10 6 tenocytes homologues a ete etudiee a un delai 
de 2, 4 et 8 jours. Parmi ces tenocytes (de passage 28 issus d'une lignee 
30 infectee a passage 18), 88 p. 100 etaient transduits. L'implantation de ces 
tenocytes etait effectuee a I'interieur des tendons, apres incision cutanee 
epargnant la gaine. Le 1 er cote etait injecte avec des tenocytes transduits, le 2 nd 
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avec des tenocytes non transduits. 

L'analyse macroscopique a montre I'absence d'adherence cutanee et de 
reaction inflammatoire (articulaire et extra-articulaire). Un epaississement de la 
gaine a ete constate jusqu'a 4 eme jour. 

5 L'analyse histologique par coloration au X-Gal sur lames a montre la presence 
du gene marqueur a J2, J4 et J8 (figure 10). Toutes les coupes de tendons ayant 
regus des tenocytes transduits montraient la presence du gene marqueur, tandis 
que les coupes de tendons temoins montraient I'absence de ce gene. Les 
cellules transduites etaient moins visibles et semblaient dispersees a J8, 

10 l'analyse au fort grossissement montrait cependant la persistance du transgene. 

L'injection de 5. 10 6 tenocytes homologues a ete etudiee dans 4 tendons 
rotuliens intacts a un delai de 48 heures. Parmi ces tenocytes (de passage 32, 
issus d'une lignee infectee a passage 18), 89 p.100 etaient transduits. 
L'implantation de ces tenocytes a ete effectuee a I'interieur de tendons, apres 
15 incision cutanee epargnant la gaine. Le 1 er cote etait injecte avec des tenocytes 
transduits, le 2 nd avec des tenocytes non transduits. 

La visualisation macroscopique de I'expression du transgene a permis de 
localiser la zone de transduction sur le tendon et d'orienter les coupes. Les 
tenocytes transduits ont ete trouves dans le tendon mais aussi dans sa gaine 

20 (figure 11). Sur le tendon temoin, aucune transduction n'etait visible ni dans la 
gaine, ni dans le tendon (figures 11). L'etude des tissus peritendineux, a la 
recherche d'une diffusion du marqueur au-dela de la gaine, a montre I'absence 
de celui-ci. La technique de coloration in toto s'est revelee de bonne qualite 
histologique et permettant une contre-coloration par THE. Les coupes de 

25 tendons temoins confirmaient I'absence de transgene 

Avec la technique du kit de chemi-luminescence, I'activite p-galactosidase, 
mesuree dans un tendon transduit, etait de 4070 pg pour un temoin a 0 pg. 

Analyse du transfer! de J8 a J26 

Apres I'amelioration des methodes d'analyse du transfer! ex vivo, il etait 
30 interessant d'etudier la duree d'expression du transgene dans des tendons 
intacts au-dela de 8 jours. La reimplantation de 5.1 0 6 tenocytes homologues, par 
tendon rotulien, a ete etudiee a un delai de 8, 14 et 26 jours. Parmi ces 
tenocytes (de passage 33, issus d'une lignee infectee a passage 18), 94 p. 100 
etaient transduits. L'implantat^.i etait effectuee a I'interieur des tendons, apres 
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incision cutanee epargnant la gaine. Les 2 cotes etaient injectes avec des 
tenocytes transduits. Les controles negatifs de coloration etaient les tendons 
d'Achille des memes lapins injectes par des tenocytes non transduits. 
Une analyse a ete effectuee en parallele avec du 1 er cote, la technique de 
5 coloration in toto, et du 2 nd cote, la quantification de I'activite p-galactosidase par 
le kit de chemi-luminescence. 

Lanalyse macroscopique montrait Tabsence d'adherence cutanee et de reaction 
inflammatoire (articulaire et extra-articulaire). La visualisation macroscopique de 
I'expression du transgene etait possible sur le tendon jusqu'a J14. 

10 L'analyse histologique, par la technique de coloration in toto, montrait la 
persistance du gene marqueur a J8, J14 et J26 sur des coupes centrees sur la 
zone coloree visible macroscopiquement. Neuf coupes ont ete effectuees par 
tendon. Toutes les coupes de tendons, ayant re?us des tenocytes transduits, 
montraient la presence du gene marqueur, tandis que celles des tendonsf- 

15 temoins montraient I'absence de ce gene. La dispersion dans le tendon des 
cellules transduites augmentait de J8 a J26. La qualite des coupes par coloration 
in toto etait comparable a celle de la technique classique, comme le montrent jes 
lames realisees a 8 jours de recul. Au dernier delai, des images de reaction a 
corps etranger etaient visibles autour d'amas de p-galactosidase. 

20 Analyse de la tolerance du transfert de genes ex vivo 

Lors de I'examen macroscopique des tendons rotuliens apres implantation de 
tenocytes transduits, aucun signe d'inflammation n'a ete vu que ce soit au 
niveau du tendon, des tissus peri-tendineux ou de Tarticulation du genou. 

Lors de ('analyse microscopique, amelioree par la contre-coloration a THE, 
25 aucune infiltration de cellules mononucleees n'a ete vue autour des tenocytes 
homologues, transduits ou non, dans les phases precoces. 

RESUME 

30 En resume, les resultats obtenus montrent en particulier que : 

• des tenocytes peuvent etre isoles a partir de tendons puis cultives en 
masse afin d'effectuer leur reimplantation, 
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• les tenocytes peuvent etre transduits tres efficacement in vitro par 
rintermediaire des vecteurs retroviraux GALV 18, 

• I'expression d'un transgene dans les tenocytes transduits par un vecteur 
retroviral est stable en culture au-dela de 45 jours, 

5 • le transfer! d'un gene est possible in vivo, par rintermediaire de plasmides 

nus ou enrobes de PEI, avec une persistance de ['expression a 8 jours, 

• I'expression d'un transgene in vivo, apres implantation dans les tendons 
de tenocytes transduits, est encore presente a 26 jours. 
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Tableau I: Temps de doublement des tenocytes de lapin in vitro. 









Temps de doublement (heures) 








N° de 


1 


2 


3 4 


5 


6 


7 


8 


9 


10 


repiquage 




















Experience 1 


105 


325 


95 247 


297 


220 


319 


198 


121 


79 


Experience 2 


277 


80 


58 59 


73 


54 


40 









5 



Tableau II: Taux d'infection des tenocytes de lapin en fonction de leur taux de 
confluence et du renouvellement ou non du surnageant viral. 





surnageant unique 


surnageant 
renouvele 1 fois 


surnageant 
renouvele 2 fois 


25% confluence 


81,8% 


74.7% 


72,8% 


50% confluence 


79,4% 


73,2% 


71.8% 


75% confluence 


57,7% 


59,7% 


50,9% 
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Tableau III: Evolution du nombre total theorique de tenocytes transduits. 



Delais 
(jours) 


Nombre de 
tenocytes (exp. 1) 


Nombre de 
tenocytes (exp. 2) 


0 


1,2.10 6 


1,2.10 6 


7 


1,8.10 6 


1,8.10 6 


14 


3,6. 10 6 


6,7. 10 6 


21 


1,2.10 7 


7,1. 10 7 


29 


2,7. 10 7 


5,8. 10 8 


35 


4,7. 10 7 


3,8. 10 9 






~4,~5.To ,c) " ; 


42 


9,8. id 7 


49 


1,0.10 8 


5,2.10" 


56 


2,1.10 s 




63 


6,4. 10 8 




70 


2,4. 10 9 




77 


1,8.10 9 
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Tableau IV: Taux de p-galactosidase detecte par le kit de 
chemi-luminescence a 48 heures. 





Tendon 1 


Tendon 2 


Tendon 3 


Tendon 4 


Plasmide 


CMV-LacZ 


CMV-LacZ 


CMV-LacZ 


non LacZ 


Mesure 1 (pg) 


393,7 


425,3 


352,9 


21,5 


Mesure 2 (pg) 


361,4 


399,8 


341,2 


17,1 



Tableau V: Taux de p-galactosidase lors du transfert in situ par le plasmide 

CMV-LacZ nu. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Plasmide 


LZ 


LZ 


LZ 


LZ 


LZ 


LZ 


LZ 


LZ 


LZ 


No 


Volume (ul) 


0,5 


0,5 


1 


1 


2 


2 


4 


4 


8 


8 


Concentr 


7,25 


7,25 


7,25 


7,25 


7,25 


7,25 


7,25 


7,25 


7,25 


2 


(ug/uO 






















Quantite (fjg) 


3,625 


3,625 


7,25 


7,25 


14,5 


14,5 


29 


29 


58 


16 


Mesure 1 (pg) 


6,6 


8,8 


9,7 


9,5 


35,5 


44,1 


58,6 


100,0 


124,6 


13,9 


Mesure 2 (pg) 


16,4 


26,4 


21,4 


26,7 


79,5 


44,0 


89,2 


99,7 


227,2 


29,6 



LZ : LacZ 



Note: Realisation de 2 mesures (1 et 2), a des temps differents. 
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REVENDICATIONS 

1. Composition, caracterisee en ce qu'elle comprend des cellules tenocytes 
autologues et/ou allogeniques d'origine humaine. 

> 2. Composition selon la revendication 1, caracterisee en ce qu'il s'agit d'une 
culture in vitro ou ex vivo de tenocytes autologues et/ou allogeniques. 

3. Composition selon la revendication 1 ou 2, caracterisee en ce qu'il s'agit 
de tenocytes humains autologues et/ou allogeniques modifies 
genetiquement. 

o 4. Composition selon Tune des revendications 1 a 3, comprise dans un 
dispositif de type ampoule, seringue, fiole. poche ou boite. 

5. Composition selon Tune des revendications 1 a 4, caracterisee en ce qu'il 
s'agit de tenocytes prepares a partir de tendon. 

6. Composition selon la revendication 5, caracterisee en ce qu'il s'agit de 
5 tenocytes prepares a partir du tendon d'un muscle de la region patte 

d'oie, du tendon du muscle petit palmaire, du tendon du muscle plantaire 
grele, du tendon du muscle peronier anterieur, du tendon quadricipital, du 
tendon rotulien ou du tendon d'Achille. 

7. Composition selon Tune des revendications 1 a 4, caracterisee en ce qu'il 
> 0 s'agit de tenocytes prepares a partir de ligament. 

8. Composition selon Tune des revendications 1 a 4, caracterisee en ce qu'il 
s'agit de tenocytes prepares a partir d'une aponevrose. 

9. Composition, caracterisee en ce qu'elle comprend des tenocytes 
humains ou equins modifies genetiquement et un excipient. 

25 10. Composition selon la revendication 9, caracterisee en ce qu'elle 
comprend des tenocytes humains modifies genetiquement. 

11. Cellule tenocyte isolee et modifiee genetiquement, caracterisee en ce 
qu'elle contient un acide nucleique recombinant codant un facteur de 
croissance et/ou un facteur inhibant la reaction inflammatoire. 

30 1 2. Composition comprenant des tenocytes congeles. 
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13. Composition pour la conservation de tenocytes, comprenant des 
tenocytes et au moins un compose choisi parmi : 

a. du dimethyl sulfoxyde 

b. une gelatine modifiee 
5 c. un polysaccharide, ou 

d. du glycerol. 

14. Utilisation de tenocytes humains pour la preparation d'une composition 
destinee a I'implantation in vivo. 

15. Utilisation, selon la revendication 14, de tenocytes pour la preparation 
io d'une composition destinee a la mise en oeuvre d'une methode de 

traitement therapeutique, diagnostique ou chirurgical du corps humain. 

16. Utilisation selon la revendication 15, caracterisee en ce qu'il s'agit de 
tenocytes autologues, allogeniques ou xenogeniques. 

17. Utilisation selon Tune des revendications 14 a 16 caracterisee en ce qu'il 
15 s'agit de tenocytes cultives in vitro. 

18. Utilisation selon Tune des revendications 14 a 17 caracterisee en ce qu'il 
s'agit de tenocytes modifies genetiquement. 

19. Utilisation selon la revendication 18, caracterisee en ce qu'il s'agit de 
tenocytes contenant un acide nucleique recombinant codant un facteur de 

20 croissance et/ou un facteur inhibant la reaction inflammatoire. 

20. Precede de modification genetique d'un tenocyte in vitro ou ex vivo, 
comprenant la mise en contact d'un tenocyte avec (i) de I'ADN nu ou (ii) 
un retrovirus recombinant pseudotype avec une enveloppe GALV. 

21. Utilisation d'une composition comprenant (i) de I'ADN nu ou (ii) un 
25 retrovirus recombinant pseudotype avec une enveloppe GALV, pour la 

preparation d'une composition destinee au transfert de cet ADN dans les 
tenocytes in vivo. 

22. Utilisation d'un acide nucleique recombinant pour la preparation d'une 
composition destinee a la modification genetique in vivo d'un tenocyte 

30 humain. 
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23. Utilisation, selon la revendication 14, crime population de tenocytes ou de 
fibroblastes, autologues allogeniques ou xenogeniques, pour la 
preparation d'une composition destinee a Timplantation ou I'administration 
' dans un tendon ou ligament. 

5 24. Utilisation selon la revendication 14, d'une population de tenocytes ou de 
fibroblastes, autologues allogeniques ou xenogeniques, pour la 
preparation d'une composition destinee a favoriser la cicatrisation d'une 
dechirure ou rupture musculaire. 

25. Procede de production de tenocytes, comprenant : 

10 - le prelevement d'un fragment de tissu biologique comprenant des 
tenocytes, de preference d'origine humaine, 

le traitement de ce fragment pour dissocier les tenocytes, en presence 
d'une collagenase, et ^m*i.---- 

- la mise en culture des tenocytes, et leur multiplication in vitro par passages 
15 successifs, de preference par ensemencement a une densite 
_ _ correspondant au quart de la confluence environ. . 

26. Procede selon la revendication 25, comprenant une etape de congelation 
des tenocytes, de preference dans un milieu selon ia revendication 13. 

27. Procede selon la revendication 25 ou 26, comprenant une etape de 
20 modification genetique des tenocytes, de preference selon la 

revendication 20. 
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REVENDICATIONS MODIFIEES 

[revues par le Bureau international le 7 mars 2001 (07.03.01); 
revendications originales 1-27 remplacees par de nouvelles 
revendications 1-26 (3 pages)] 

I. Composition, caracterisee en ce qu'elle comprend des cellules tenocytes 
autologues et/ou allogeniques d'origine humaine. 

5 2. Composition selon la revendication 1 , caracterisee en ce qu'il s'agit d'une 
culture in vitro ou ex vivo de tenocytes autologues et/ou allogeniques. 

3. Composition selon la revendication 1 ou 2, caracterisee en ce qu'il s'agit 
de tenocytes humains autologues et/ou allogeniques modifies 
genetiquement 

10 4. Composition selon Tune des revendications 1 a 3, comprise dans un 
dispositif de type ampoule, seringue, fiole, poche ou boite. 

5. Composition selon Tune des revendications 1 a 4, caracterisee en ce qu'il 
s'agit de tenocytes prepares a partir de tendon. 

6. Composition selon la revendication 5, caracterisee en ce qu'il s'agit de 
15 tenocytes prepares a partir du tendon d'un muscle de la region patte 

d'oie, du tendon du muscle petit palmaire, du tendon du muscle plantaire 
grele, du tendon du muscle peronier anterieur, du tendon quadricipital, du 
tendon rotulien ou du tendon d'Achille. 

7. Composition selon Tune des revendications 1 a 4, caracterisee en ce qu'il 
20 s'agit de tenocytes prepares a partir de ligament 

8. Composition selon Tune des revendications 1 a 4, caracterisee en ce qu'il 
s'agit de tenocytes prepares a partir d'une aponevrose. 

9. Composition selon la revendication 3, caracterisee en ce qu'elle 
comprend des tenocytes humains modifies genetiquement et un excipient. 

25 10. Composition selon la revendication 3 ou la revendication 9 caracterisee 

en ce qu'elle comprend des tenocytes modifies genetiquement a I'aide 
d'un acide nucleique recombinant codant un facteur de croissance et/ou 
un facteur inhibant la reaction inflammatoire. 

II. Composition selon Tune des revendications 1 a 10 comprenant des 
30 tenocytes congeles. 
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12. Composition selon Tune des revendications 1 a 11 pour la conservation 
de tenocytes, comprenant des tenocytes et au moins un compose choisi 
parmi : 

a. du dimethyl sulfoxyde 

5 b. une gelatine modifiee 

c. un polysaccharide, ou 

d. du glycerol. 

13. Utilisation de tenocytes humains pour la preparation d'une composition 
destinee a I'implantation in vivo. 

10 14. Utilisation, selon la revendication 13, de tenocytes pour la preparation 
d'une composition destinee a la mise en ceuvre d'une methode de 
traitement therapeutique, diagnostique ou chirurgical du corps humain. 

15. Utilisation selon la revendication 14, caracterisee en ce qu'il s'agit de 
tenocytes autologues, allogeniques ou xenogeniques. 

15 16. Utilisation selon Tune des revendications 13 a 15 caracterisee en ce qu'il 
s'agit de tenocytes cultives in vitro. 

17. Utilisation selon Tune des revendications 13 a 16 caracterisee en ce qu'il 
s'agit de tenocytes modifies genetiquement. 

18. Utilisation selon la revendication 17, caracterisee en ce qu'il s'agit de 
20 tenocytes contenant un acide nucleique recombinant codant un facteur de 

croissance et/ou un facteur inhibant la reaction infiammatoire. 

19. Procede de preparation d'une composition selon la revendication 3 ou 9, 
comprenant la mise en contact, in vitro ou ex vivo, d'un tenocyte avec (i) 
de I'ADN nu ou (ii) un retrovirus recombinant pseudotype avec une 

25 enveloppe GALV. 

20. Utilisation d'une composition comprenant (i) de I'ADN nu ou (ii) un 
retrovirus recombinant pseudotype avec une enveloppe GALV, pour la 
preparation d'une composition destinee au transfert in vivo de cet ADN 
dans les tenocytes humains. 
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21. Utilisation d'un acide nucleique recombinant pour la preparation d'une 
composition destinee a la modification genetique in vivo d'un tenocyte 
humain. 

22. Utilisation, selon la revendication 13, d'une population de tenocytes ou de 
5 fibroblastes, autologues allogeniques ou xenogeniques, pour la 

preparation d'une composition destinee a I'implantation ou ('administration 
dans un tendon ou ligament. 

23. Utilisation selon la revendication 13, d'une population de tenocytes ou de 
fibroblastes, autologues allogeniques ou xenogeniques, pour la 

10 preparation d'une composition destinee a favoriser la cicatrisation d'une 

dechirure ou rupture musculaire. 

24. Procede de production d'une composition selon la revendication 1, 
comprenant : 

- le prelevement d'un fragment de tissu biologique comprenant des 
15 tenocytes, d'origine humaine, 

- le traitement de ce fragment pour dissocier les tenocytes, en presence 
d'une collagenase, et 

• la mise en culture des tenocytes, et leur multiplication in vitro par passages 
successifs, de preference par ensemencement a une densite 
20 correspondant au quart de la confluence environ. 

25. Procede selon la revendication 24, comprenant une etape de congelation 
des tenocytes, de preference dans un milieu selon la revendication 12. 

26. Procede selon la revendication 24 ou 25, comprenant une etape de 
modification genetique des tenocytes, de preference selon la 

25 revendication 19. 
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Figure 9 
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INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/FROO/02802 



A. CLASSIFICATION OF SUBJECT MATTER 
1PC7: A61K35/32 C12N5/08 C12N5/10 A61K48/00 

According to International Patent Classification (IPC) or to both national classification and IPC B 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
IPC7 : C12N A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 
EPO-lnternal, WPI Data, MEDLINE, BIOS1S, LIFESCIENCES, CHEM ABS Data, EMBASE, SCISEARCH. 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim 
No. 



A 
X 



DE 197 51 575 A (RAPP HANS DR DR) 
27 May 1999 (27.05.99) 

The whole document 

BERNARD-BE AUBOIS K ET AL: "Culture and characterization of juvenile 
rabbit tenocytes." 

CELL BIOLOGY AND TOXICOLOGY, 
Vol. 13, no. 2, pages 103-113, 
XPOOO9O0541 

Page 104, "Materials and methods" 

US 5 942 496 A (BONADIO JEFFREY ET AL) 
24 August 1999 (24.08.99) 
column 19, line 15 - line 23 
example XI 
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1-8 
14-17 
23,24 

25 



9, 10, 18, 
19 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

4i E" earlier document but published on or after die international filing 
date 

"L" document which may throw doubts on priority claim(s) or which 
is cited to establish the publication date of another citation or 
other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



T later document published after the international filing date or 
priority date and not in conflict with the application but cited 
to understand the principle or theory underlying the invention 

* l X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such 
documents, such combination being obvious to a person 
skilled in the art 

document member of the same patent family 



Date of mailing of the international search report 
9 February 2001 (09.02.01) 



Date of the actual completion of the international search 
1 6 November 2000 (16.11.00) 



Name and mailing address of the 

European Patent Office 



Authorised officer 
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Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 
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CAO Y ET AL : « Generation of neo-tendon 
using sythetic polymers seeded with tenocytes » 
TRANSPLANTATION PROCEEDINGS, 
Vol. 26, no. 6, December 1994 (12.94), 
Pages 3390-3392, XP000960761 
Cited in the application 
The whole document 


14-19, 
23,24 
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MOLLER H D ET AL. : « Aktuelle Aspekte der Sehnenheilung » 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 
1. I I Claims Nos.: 

' — ' because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

— because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. j^j Claims Nos 



because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



see supplemental sheet 



1 I | As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2. I~| As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. I I As onlv some of the required additional search fees were timely paid by the applicant, this international search report 
1 — ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. r^ri No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
• — ' restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-10, 14-19, 23-25 

Remark on Protest Q ' The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 
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(groups of) inventions in the international request, namely: 

1. claims: 1-10, 14-19,23-25 

Composition of the tenocytes ; utilisation of the tenocytes for the 
preparation of a composition for implantation ; tenocytes culture process. 

2. claims: 12, 13, 26; 25 (partially) 

Composition for the conservation (freezing) of tenocytes; 

Its utilisation for the preparation of a frozen tenocytes composition: frozen 

tenocytes composition. 

3. claims: 1 1, 20-22, 27; 25(partially) 

Processes and compositions for the tenocytes genetic of modification; tenocyte 
genetically modified, 
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A. CLASSEMENT DE L'OBJET DE LA DEMANDE 

CIB 7 A61K35/32 C12N5/08 



C12N5/10 



A61K48/00 



Selon ia classification international des brevets (CIB) ou a la fois selon ta classification nationale et la CIB 



B. DOMAIN ES SUR LESQUELS LA RECHERCHE A PORTE 



Documentation minimale consuftee (systeme de classification suivi des symboles de classement) 

CIB 7 C12N A61K 



Documentation consultee autre que la documentation minimale dans la mesure ou ces documents relevent des domaines sur lesquels a porte la recherche 



Base de donnees etectronique consultee au cours de la recherche Internationale (nom de la base de donnees, et si realisable, termes de recherche utilises) 

EPO-Intemal, WPI Data, MEDLINE, BIOSIS, LIFESCIENCES, CHEM ABS Data, EMBASE, 
SCI SEARCH 



C. DOCUMENTS CONSIDERES COMME PERTINENTS 



Categoric * Identification des documents cites, avec. le cas echeant. lindication des passages pertinents 



no. des revendications visees 



DE 197 51 575 A (RAPP HANS DR DR) 
27 mai 1999 (1999-G5-27) 

le document en entier 

BERNARD-BEAUBOIS K ET AL: "Culture and 
characterization of juvenile rabbit 
tenocytes . " 

CELL BIOLOGY AND TOXICOLOGY, 

vol. 13, no. 2, 1997, pages 103-113, 

XP00G900541 

page 104, "Materials and methods" 

US 5 942 496 A (B0NADI0 JEFFREY ET AL) 
24 aout 1999 (1999-08-24) 
colonne 19, ligne 15 - ligne 23 
exemple XI 

-/-- 



1-8, 

14-17, 

23,24 



25 



9,10,18, 
19 



[7) v ° ifla 



suite du cadre C pour la fin de la liste des documents 



0 



Les documents de families de brevets sont indiques en annexe 



° Categories speciales de documents cites: 

"A" document delinissant retat general de la technique, non 

considere comme particulierement pertinent 
"E" document anterieur. mais publie a la date de depot international 

ou apres cette date 
*V document pouvant jeter un doute sur une revendication de 

priorite ou cite pour determiner la date de publication d'une 

autre citation ou pour une raison speciale (telle qu'indiquee) 
"O" document se reterant a une divulgation orale. a un usage, a 

une exposition ou tous autres moyens 
M P* document publie avant la date de depot international, mais 

postoneurement a la date de priorite revendiquee 



"T" document ulterieur publie apres la date de depot international ou la 
date de priorite et n'appartenenant pas a retat de la 
technique pertinent, mais cite pour comprendre le principe 
ou la theorie constituant la base de I'invention 

"X" document particulierement pertinent; finven tion revendiquee ne peut 
etre consideree comme nouvelle ou comme impliquant une activite 
inventive par rapport au document considere isolement 

"Y" document particulierement pertinent; finven tion revendiquee 

ne peut etre consideree comme impliquant une activite inventive 
lorsque le document est associe a un ou piusieurs autres 
documents de meme nature, cette combinaison etant evidente 
pour une personne du metier 

document qui fait partie de la meme famille de brevets 



Date a laquelle la recherche Internationale a ete etfectivement achevee 



16 novembre 2000 



Date d'expedition du present rapport de recherche interna tionate 
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C.(suite) DOCUMENTS CONSIOERES COMME PERTINENTS 




Categorie * 


Identification des documents cites, avec.le cas echeant, l indication des passages pertinents 


no. des revendications v»sees 


A 1 


CAO Y ET AL: "Generation of neo-tendon 
using sythetic polymers seeded with 
tenocytes" 

TRANSPLANTATION PROCEEDINGS, 

vol. 26, no. 6, decembre 1994 (1994-12), 

pages 3390-3392, XP000960761 

cite dans la demande 

le document en entier 




14-19, 
23,24 


P.A 


MOLLER H D ET AL. : "Aktuelle Aspekte der 
Sehnenhei lung" 
DER 0RTH0PADE, 

vol. 29, no. 3, mars 2000 (2000-03), pages 
182-187, XP000900748 
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Demande internationale n° 
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Cadre I Observations - lorsqu'il a ete est i me que certaines revendications ne pouvaient pas faire I'objet d'une recherche 
(suite du point 1 de la premiere feuille) 



Conformement a I'article I7.2)a), certaines revendications n'ont pas fait I'objet d'une recherche pour les motifs suivants: 

1 . | | Les revendications n os 

se rapportent a un objet a I'egard duquel radministration n'est pas tenue de proceder a ia recherche, a savoir: 



2. [ | Les revendications n os 

se rapportent a des parties de la demande internationale qui ne remplissent pas suffisamment les conditions prescrites pour 
qu une recherche significative puisse etre effectuee, en particulier: 



3-D 



Les revendications n os 

sont des revendications dependantes et ne sont pas redigees conformement aux dispositions de la deuxieme et de la 
troisieme phrases de la regie 6.4.a). 



Cadre II Observations - lorsqu'il y a absence d'unite de I'invention (suite du point 2 de la premiere feuille) 



L'ad ministration chargee de la recherche internationale a trouve plusieurs inventions dans la demande internationale, a savoir: 

voir feuille supplemental re 



1 . I I Comme toutes les taxes additionnelles ont ete payees dans les delais par le deposant, le present rapport de recherche 
' 1 internationale porte sur toutes les revendications pouvant faire I'objet d'une recherche. 

Comme toutes les recherches portant sur les revendications qui s'y pretaient ont pu etre effectuees sans effort particulier 
justifiant une taxe additionnelle, radministration n'a sollicite le paiement d'aucune taxe de cette nature. 



3. j I Comme une partie seulement des taxes additionnelles demandees a ete payee dans les delais par le deposant, le present 

' ' rapport de recherche internationale ne porte que sur les revendications pour lesquelles les taxes ont ete payees, a savoir 

les revendications n os 



4. I v I Aucune taxe additionnelle demandee n'a ete payee dans les delais par le deposant. En consequence, le present rapport 
de recherche internationale ne porte que sur I'invention mentionnee en premier lieu dans les revendications; elle est 
couverte par les revendications n os 

1-10,14-19,23-25 



Remarque quant a la reserve f J Les taxes additionnelles etaient accompagnees d'une reserve de la part du deposan' 

| | Le paiement des taxes additionnelles n'etait assorti d'aucune reserve. 



Formulaire PCT/ISA/210 (suite de la premiere feuille (1)) (Juillet 1998) 
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Demande Internationale No. PCT/FR 00/02802 



SUITE DES RENSEIGNEMENTS INDIQUES SUR PCT/ISA/ 210 

L' administration chargee de la recherche internationale a trouve 
plusieurs (groupes d') inventions dans la demande internationale, a 
savoir: 

1. revendi cations: 1-10, 14-19., 23-25 

Composition de tenocytes; utilisation de tenocytes pour la 
preparation d'une composition pour implantation; procede de 
culture de tenocytes. 

2. revendi cations: 12, 13, 26; 25 (parti el lement) 

Composition pour la conservation (congelation) de tenocytes; 
son utilisation pour la preparation d'une composition de 
tenocytes congeles; composition de tenocytes congeles. 

3. revendi cations: 11, 20-22, 27; 25 (parti el lement) 

Procedes et compositions pour la modification genetique de 
tenocytes; tenocyte genet iquement modi fie, 
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TENOCYTE COMPOSITIONS. THEIR PREPARATION AND USES 

The present invention relates to tenocyte cell compositions, particularly human 
tenocyte cell compositions and to methods for their preparation. It also relates to the 
use of these compositions for implantation of tenocytes in vivo for the treatment of 
different pathological conditions. The invention is more particularly related to the 
production of suspensions of human tenocytes, particularly autogenous tenocytes, to 
techniques for their conservation, to their genetic modification ex vivo or in vivo, and to 
their use in vivo for the restoration of affected ligamentous or tendinous structures or, 
more generally, for the treatment and repair of any significant clinical defects in 
tendons, ligaments, muscles or other biological tissues that contain tenocytes or a 
fibrous structure. 

The tendon is substantially composed of collagen fibres to 30%, and of elastin fibres 
to 2%, that are enclosed within an extra-cellular matrix that comprises water to 68%. 
The different components of a tendon are: 

- Collagen fibres of type 1 : which constitute the major component at 70% of the 
dry weight of the tendon. Their arrangement, parallel to their mechanical 
constraints, is responsible in the tendon for resisting forces of traction. 

- The elastin fibres provide the elasticity of the tendon 

- The extra-cellular matrix is composed of proteo-glycanes, glyco-proteins and 
water; and 

- A minor cellular component, principally represented by the tenocytes 
(fibroblasts, differentiated into tendons, apo-nervous tissue and ligaments). 

A tendon is organised into structures of increasing dimension: 

- Collagen fibres: the basic unit of collagen comprises the tropo-collagen. This 
consists of a long protein of 200 nm by 1 .5 nm, mainly of the type 1 , formed 
by an assembly of 3 alpha chains rolled into a triple helix. The tropo-collagen 
is derived from the polymerisation of pro-collagen molecules secreted by the 
tenocytes. The assembly of 5 units of tropo-collagen constitutes a fibril of 
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collagen. A number of parallel fibrils, enclosed within the extra-cellular matrix, 
comprise a collagen fibre (Fig. 1). 

- A collagen bundle: The collagen fibres associate to form bundles within the 
axis of the tendon. The bundles are separated by loose connective tissue, 
the endo-tendon, which contains the vasculo-neural elements and promotes 
sliding of the bundles between each other (Fig. 2). 

- The tendon itself: The combination of bundles, both primary and secondary, 
constitutes the tendon enclosed within a connective tissue membrane, the 
epi-tendon (or peritenonium). 

Around the tendon are associated structures that comprise the para-tendon, a loose 
connective tissue that provides support for the tendon, or fibrous and synovial sheaths 
that provides support for and promotes sliding of the tendon. The synovial sheath is 
formed by two laminae that provide a space for the sliding action. 

The vascularisation of the tendon is provided principally at its extremities. It is derived 
from the muscular and peri-ostular arterioles. There is also a vascular supply arising 
from the meso-tendon or from the para-tendon, but this is of less importance. In 
addition, the middle third of the tendon that is poorly vascularised, comprises a critical 
section of the vascular system, that could explain its particular mechanical fragility. 

The tendon, in all respects like the ligaments, is a relatively fragile tissue, that is 
subjected to multiple alterations, be they of a traumatic nature or associated with 
ageing. 

Thus, the structure of the tendon becomes modified physiologically with age, which 
can explain the developing fragility that is observed during the ageing process (1). 
The fragilisation characteristics of the tendons are a reduction in the number of 
tenocytes, a reduction in the number of elastic fibres, a reduction in the quality and 
thus in quantity of the collagen fibres, as well as a reduction in the number of proteo- 
glycanes and, as a consequence, also in the level of hydration. 
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Among the exogenous factors that aggravate the fragilisation of the tendons, have 
been noted the repeated micro-traumatisms (micro-ruptures that appear when the 
tendon is stretched beyond 4%), the dominance of androgens (through an increase in 
proximation between the musculature and the tendon), and the dominance of 
corticosteroids (due to the reduction in fibroblast activity). The reduction, absolute or 
relative, in the number of tenocytes, as well as in their metabolic possibilities, leads to 
a limitation of tendon regeneration. The weak vascularisation of the tendon reinforces 
this phenomenon. 

Apart from the alterations to tendons and ligaments, a slow natural healing process 
occurs that can be schematically classified into four phases. 

A first inflammation phase (72 hours) that is characterised by the retraction of the 
tendon banks, the formation of a haematoma in the inter-fragmentary space, the 
coagulation and liberation of cytokines (histamine, serotonin, prostaglandins, 
bradykynin), which initiate the inflammatory phase. Following upon this, the cellular 
phase is marked by an increase in the number of macrophages and then by a 
proliferation of tenocytes (differentiation of cells derived from the paratendon). This 
then leads to the synthesis of collagen type III (immature) that has weak mechanical 
strength. 

A second phase, the proliferation of cells (6 weeks), is characterised by the 
development of blood clots (the appearance of neo-vascular tissue, macrophagic 
degradation and re-incursion of fibroblasts), by an increase in the number of tenocytes 
that are synthesising collagen type I (mature), that become orientated by the 
constraining forces and by an increase in the number of proto-glycanes. The 
mechanical properties become satisfactory at J45. 

Third and fourth phases of the re-structuring and maturation of the scarred zone, are 
characterised by a progressive reduction in the cellular density of the tendon, by an 
increase in the density of the collagen of type I that is correctly orientated, by a 
decrease in the scar volume and by an increase in mechanical resistance. 
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Return to a structure resembling the normal state necessitates a delay of about one 
year. This scarring mechanism is, therefore, very slow, often aggravated by 
movement of the tendons and/or the ligaments, and frequently leads to the formation 
of weakened structures, because of having a fibrous composition with a different 
cellular structure from that of the original tissue. 

In the particular case of scar tissue after completion of an auto-graft, it is observed at 
an early stage that the disappearance of the fibroblasts of the transplant and the 
macrophagic resorption of the transplant lead to its fragilisation. This is followed by 
the appearance of a hyper-vascularisation phase with neo-vessels followed by the re- 
appearance of tenocytes. Finally, a re-modelling phase is reached characterised by 
the synthesis of extra-cellular matrix and of collagen type I, which promote an increase 
in mechanical strength. Finally, the neo-tendon develops a structure approaching that 
of the original tendon through the effects of mechanical pressure. This transformation 
constitutes the ligamentisation phase that stretches over a period of about two years 
(2). 

The current therapeutic interventions for the treatment of tendon changes that 
originate from trauma or are related to the ageing process, are: 

- The directional healing of the tendon that favours a reduction in activity or even 
immobilisation; 

- Repair of the tendon by direct suture, if necessary, reinforced with a synthetic 
material (re-absorbable or not re-absorbable bio-material); 

- Replacement of the tendon by a transplant of a biological tissue (autologic or 
allogenic) or with a synthetic substitute. 

In the first case, the result often leads to incomplete healing that comprises fibrous 
sequellae. In the latter two cases, a multiplicity of problems of bio-mechanical 
compatibility can occur that, in the long run, (3, 4) compromise the results. Moreover, 
cellular weakness and deficiency of the vascularisation limit the tendon regeneration 
process. 



r t. 

7 

The present invention currently proposes a new therapeutic approach to the 
restoration of tendon damage or of other biological tissue structures containing 
tenocytes or fibrous or connective tissue types. The present invention is particularly 
based on the use of compositions and methods that promote an increase in the 
cellular content of a tendon and/or in its vascularisation. The present invention is 
based particularly on the implantation of tenocytes in vivo or on compounds that 
promote an increase in the number of tenocytes present in the biological, tissues in 
vivo, in such a way as to re-colonise and re-constitute the defective structure. 

The present invention proposes in general to use tenocytes for therapeutic 
applications for the re-constitution of tissues, particularly in man. The invention 
particularly proposes the utilisation of human tenocytes, particularly autologues that 
are multiplied in vitro, as the medication that has the capacity to act in the re- 
constitution of biological tissues, particularly fibrous and connective biological tissues. 
According to a preferred application, the tenocytes, according to the invention, are 
used for the re-constitution of damaged tendons or ligaments such as, for example, 
with tendonitis, or when torn or sprained, etc. This application is particularly 
advantageous since, on the contrary, it promotes procedures for the current treatment 
of the re-generation of tissues having mechanical and physiological properties that 
approach those or are similar to those of natural tissues. 

The present invention also describes methods that provide for the in vitro production 
and multiplication of tenocytes, that start out with the withdrawal of biological tissues, 
particularly of fragments of healthy tendons or ligaments. 

The present invention discloses, amongst other things, that it is possible to implant 
tenocytes in vivo, that have been cultivated in vitro and, if the case arises, after their 
genetic modification, and that these implanted tenocytes are viable, functional and 
capable of providing a recombinant product. In this connection, in general, the 
invention relates to any therapeutic method that includes the implantation of 
genetically modified cells, for example of tenocytes or fibroblasts, into a tendon or a 
ligament. 
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The invention also discloses that it is possible to transfer recombinant nucleic acids in 
vivo into tenocytes so that they can provide biological products of interest. 
Consequently, the present invention describes, in a general manner, therapeutic 
methods for the re-constitution of tendons, ligaments and other fibrous tissues, that 
are based on the implantation of tenocytes or on the modification of tenocytes in situ, 
particularly in man. 

The present invention is described in detail in the following text. In order better to 
understand the present invention, the following definitions are provided: 

Tenocyte: within the meaning used throughout the present invention, the term 
"tenocyte" refers to those cells comprising the cellular matter of tendons, ligaments or 
apo-nerves, for example or other fibrous tissues. Although the tenocytes of tendons, 
ligaments or apo-nerves are able to demonstrate sound characteristics, by which is 
meant fusiform cells having defined nuclei, originating from fibroblastic tissue. In 
addition, these cells are capable of producing collagen, elastin and extra-cellular 
matrix. The term tenocyte, within the meaning of the invention, refers equally to 
primary cultures and secondary cultures (obtained through multiplication in vitro) or to 
established derivatives. 

Fibroblast: A fusiform cell of connective tissue that is capable of synthesising the 
proteins of the extra-cellular matrix. 

Recombinant nucleic acid: The term re-combinant nucleic acid describes all nucleic 
acids encoding a product of interest, which refers to an RNA or a polypeptide (which 
term is a general designation of all proteins, fragments of proteins or peptides). It 
refers more preferably to a poly-peptide having biological activity, particularly having a 
growth factor. The recombinant nucleic acid can be a DNcA, a DNgA, a synthetic or 
semi-synthetic DNA, an oligo-nucleotide, an RNA, etc. It can refer to a nucleic acid of 
human, plant, viral, pro-caryote, or artificial, etc. origin. The recombinant nucleic acid 
can, moreover, comprise regulating transcription sequences, such as, for example, 
promoters, terminators, enhancers, secretion sequences, etc. In addition, the 
recombinant nucleic acid can be in linear-, circular-, simple-brin- or double-brin form. 
It can form part of a plasmid, cosmid, phage, artificial chromosome, virus, etc. 
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Naked DNA: This is a compound comprising a recombinant nucleic acid that lacks 
an agent that facilitates transfection, including a virus. It typically refers to a nucleic 
acid fragment or to a plasmid, in saline solution and/or in a glucose solution (for 
example, a 5% glucose solution). 

A genetically modified cell: All cells that contain a recombinant nucleic acid such as 
one defined above. It can refer to a cell in which the recombinant DNA has been 
introduced, or to a derivative of such a cell. 

A primary object of the present invention is, more particularly, to provide a composition 
that contains human tenocytes, autologues and/or allogenics. It advantageously 
refers to a composition that substantially contains human tenocytes, that is to say 
preferably that of which more than 60% of the cells are human tenocytes. Typically, a 
tenocyte composition according to the invention, has at least 80% of cells of the 
tenocyte type. The composition can, in addition, comprise other types of cells 
(fibroblasts, endothelial cells, etc.), or other biological factors, the compositions can 
be in solution or frozen, as will be explained in the following text. When it refers to 
solutions (or suspensions), the compositions can be in a culture medium, a 
preservation medium and/or as an injection. Moreover, the cellular compositions 
according to the invention can be contained within any appropriate system (or 
container) such as, for example, an ampoule, syringe, phial, pocket, box, etc. 

Another particular object of the invention is a composition that contains autologous 
and/or allogenic equine tenocytes. As will be explained in the following text, such 
compositions are particularly advantageous for the treatment of ailments of equine 
tendons and/or ligaments. 

A further object of the invention is the provision of a culture in vitro or ex vivo of human 
or equine tenocytes, particularly autologous and/or allogenic human tenocytes. These 
can refer to primary or multiple tenocytes in vitro or ex wV, and, as the case may be, 
obtained from a previously established bank. The cultures advantageously comprise 
a medium that is adapted to a culture or to the multiplication of cells. 
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The invention also provides a method for the preparation of tenocytes, particularly of 
human tenocytes, that comprises the removal of a fragment of biological tissue that 
contains tenocytes, the treatment of this fragment for the separation of the tenocytes, 
and the establishment of a culture of the tenocytes. 

According to a preferred method for the operation, the fragment of biological tissue is 
derived from healthy tissue. More preferably, it concerns a small fragment of tissue, 
having, for example, a weight of less than or equal to 10 g, preferably less than or 
equal to 1 g, more generally having a weight between 0:5 and 5 g. The present 
invention demonstrates, in effect, that, starting from samples of limited size and that 
have a low content of tenocyte cells, it is possible to isolate these cells and to multiply 
them in vitro. 

Taking into account the poor cellularity of the tendon and the necessity for extracting 
an explant that is as small as possible, in view of its application in a situation where 
there is a restricted amount of damaged tendon material, the present invention 
describes the possibility of and the conditions for obtaining the tenocytes starting from 
such small tendon explants. The extraction of tenocytes from a fragment of tendon 
weighing 150 mg (the patellar tendon of the rabbit) has allowed for the provision of a 
quantity of tenocytes of the order of 1 0 6 elements over a period of 21 days. The 
growth rate is subsequently exponential, with the time taken for doubling seeming to 
diminish with the number of passages. In this case, the invention also demonstrates 
that a significant multiplication (expansion) of the tenocytes in the culture can be 
obtained from several successive passages, when the cells are seeded with about 
25% of the assembly. This characteristic constitutes the preferred procedural method 
for the preparation according to the present invention. The digestion of a patellar 
tendon weighing 0.5 g has allowed for the production of 7 x 10 5 cells in 24 hours. By 
extrapolation, these results indicate that from about 1 g of human tendon, it is possible 
to produce 1 0 7 to 1 0 8 cells over about 2 weeks. 

These results also show that the tenocytes multiplied in vitro retain their capacity for 
reconstitution of the tendon when they are re-implanted in vivo. 
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The extraction of the sample of tissue can be achieved in a number of different ways 
such as, for example, by micro-dissection, micro-laceration, during a fine search 
procedure, with an intra-tendon- or intra-ligament extraction, or by withdrawal of a 
fragment of apo-nervous tissue, etc. The fragment of biological tissue can also be 
obtained, for example, from a bank. 

Preferably, the fragment of biological tissue is a fragment of tendon, of ligament or of 
apo-nervous tissue. The present invention, therefore, relates to compositions of 
tenocytes obtained (and/or derived) from tendon, ligament or apo-nervous tissue. The 
fragment (containing the tenocytes) can be extracted by surgical or micro-surgical 
techniques. In this connection, it is also possible to establish a tenocyte bank, for 
example by way of all tendon or ligament tissue removed from a subject (human or 
animal). These banks can be preserved and subsequently treated prior to their 
utilisation. These banks allow for the production at any time, of a significant number of 
tenocytes such as, for example, autologues, and to utilize such cells rapidly, without 
having the need for p re-extraction, dissociation and/or culture procedures, when an 
intervention becomes necessary. Therefore, the invention also concerns a procedure 
for the preparation of a bank of tenocytes, which comprises the acquisition of 
tenocytes from biological tissue, their multiplication in vitro and their preservation, and, 
if the case arises, after verification of the characteristics of sterility, absence of 
contamination, purity, etc. It can comprise banks of human or animal, particularly 
equine tenocytes. These banks can, advantageously, be prepared in a preventative 
manner for subjects where there are risks of development of lesions in ligaments, 
tendons or muscles in the case, for example, of sports persons. Such banks can be 
preserved in a frozen form under the conditions described below. 

Preferably, human tenocytes are prepared, according to the invention, by starting with 
the Achiles tendon or the following tendons: 

- Goosefoot tendon: Right internal muscles (M. Gracilis) and the demi-tendinosus (M. 
semitendinosus). These tendons are practically unused by human beings and can be 
completely extracted. They can allow for obtaining around 10 6 to 10 7 cells by the in 
vitro culture according to the invention. 
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- Tendon to the small plantar muscle (M.Palmaris longus). This tendon also can be 
extracted whole. It is therefore possible to obtain a volume of tissue of the order of 
about 1 to 3 grams. 

- Tendon to the thin plantar muscle (M.plantaris). This tendon can also be extracted 
whole. Thus, it is possible to obtain a volume of tissue of the order of about 2 to 4 g. 

- Tendon to the anterior fibular muscle (M.peronus tertius). This tendon can also be 
extracted whole. Thus, it is possible to obtain a volume of tissue of the order of about 
2 to 3 g. 

- Tendon quadricipital. From this tendon, it is possible to extract a fragment of tissue 
of a volume of the order of 1 g, without affecting its performance or risk of making it 
fragile. 

- Patellar tendon (Lig. patellae). From this tendon, it is possible to extract a fragment 
of tissue of a volume of the order of 1 g, without affecting its performance or risk of 
making it fragile. 

Tenocytes can also be obtained from the following ligaments: 

- Ligament acromio-coracoidal (Lig. Coraco-acromialis) 

- Ligament lateral interior of the knee (Lig. Collateral-tibialis) 



Or they can be extracted from apo-nerves such as: 

- Femoral apo-nerve (Fascia lata) 

- Apo-nerves of the gastrocnemius muscles (M.gastrocnemii). 

Preferably, human tenocytes, according to the invention, are obtained (or derived) 
from a tendon. The tenocytes prepared in this way should, in effect, have useful 
mechanical and physiological properties. 
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Preferably, the tissue fragment is treated by: 

- Mechanical comminution and/or 

- Enzymatic digestion, for example in the presence of enzyme(s) that is/are capable 
of hydrolysing the collagen molecules. 

The mechanical comminution promotes and/or accelerates the dissociation of the cells 
present in the fragment. This mechanical treatment can be carried out with the use of 
scissors, pincers, scalpels, lancets, sieving through grills, etc. Preferably, the 
mechanical treatment is continued until a tissue preparation is obtained that is 
composed of fragments whose size is less than about 20 mm 3 , and preferably less 
than 10 mm 3 . 

The biological sample is then subjected to a treatment in the presence of a 
composition comprising at least one enzyme that is capable of hydrolysing the 
collagen, preferably collagen of the type I or, more generally, that is capable of 
degrading one or several components of the extra-cellular matrix of the tendon 
(composed principally of collagen of type I, in association with proteoglycans). 

A preferred enzyme used in this stage is collagenase. The collagenase used is 
preferably of bacterial origin such as, for example, collagenase D, collagenase A, 
collagenase P, the collagenase of Vibrio alginolyticus (EP 430635), or also 
collagenase CoH from Clostridium histolyticus (J.Bact. 181 (1999) 2816). Other 
collagenases can also be used such as, for example, collegenases of eucaryote 
origin, particularly mammalian, for example human. In particular, it is possible to 
utilise collagenases (recombinants) from mammals, specifically collagen of the type I 
and/or from a tendon, or also modified collagenases, for example, by directed 
mutagenesis, which possess the improved properties in terms of their usefulness, their 
selectivity, their activity conditions, etc. In particular, collagenases can be used that 
are modified (for example, by directed mutagenesis), that are capable of exercising 
activity at low temperatures, particularly such that are below 20°C, more preferably 
below 10°C. 
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According to a particular method, a recombinant coilagenase is used, that is a product 
of cellular host activity. The use of a recombinant coilagenase provides advantages 
over that of natural collagenasess (absence of contaminants, usefulness, etc.). 

The dissociation stage is generally carried out at a temperature close to that of the 
human body, for example between 32 and 40°C, preferably close to 37°C, over a 
period that is adaptable by the technical expert to a function of the quantity of enzyme 
used (from 0.05 to 5 mg/ml, more preferably between about 0.1 to 1 mg/ml). A typical 
dissociation stage, according to the invention comprises bringing the biological sample 
(if necessary, treated mechanically as described above) into contact with the 
coilagenase (0.5 mg/ml) over a period of about 15 hours at 37°C with stirring. For the 
dissociation stage, the coilagenase can in all cases be used in combination with other 
enzymes, recombined or extracted, the quality of which must be controlled. 

More precisely, the present invention relates to a process for the production of 
tenocytes, and comprises: 

- Extraction of a fragment of biological tissue that contains tenocytes, preferably of 
human origin, 

- Treatment of the fragment to dissociate the tenocytes, in the presence of a 
coilagenase, and 

- Subjecting the tenocytes to a culture procedure and multiplying these in vitro by 
successive passages, preferably by seeding at a density corresponding to about a 
quarter of the assembly. 

The tenocytes obtained can be preserved in a variety of different culture media (Ham, 
RPMI, DMEM, etc.) and/or preservation media (saline solutions, etc) with a view to 
their utilisation as needed, or can be stored, for example, as a tenocyte bank as 
indicated above. 

In this connection, the present invention also describes the compositions and methods 
that are particularly useful for the preservation of tenocytes, particularly in the frozen 
state. These methods advantageously allow the tenocytes to be preserved for long 
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periods without affecting their functional properties. In addition, the compounds and 
methods that are used for particular purposes are compatible for therapeutic use, and, 
therefore, allow the tenocytes or compositions of tenocytes that are destined for in 
vivo implantation, to be preserved. 

The freezing can be carried out under different conditions and in the presence of 
different agents or protection compounds. 

According to a first variation for carrying out the freezing procedure, this is undertaken 
in the presence of dimethyl sulphoxide (DMSO). The DMSO is a well-known 
protection agent which penetrates the cellular membranes and renders them with 
protection such that the cells are prevented from being destroyed. A typical medium 
for the freezing procedure with DMSO is, for example, to use 5 to 25% of DMSO and 
foetal calf serum. This type of medium is illustrated in the examples and provides 
useful protection for the tenocytes, without loss of activity. 

The freezing procedure can equally be undertaken in the absence of DMSO, 
particularly in a medium comprising serum albumin (human), a saline solution and a 
modified gelatine. This kind of composition has been described in Application FR 
2,746,109. According to another preferred method for carrying out the freezing 
procedure, this is undertaken in a medium comprising human albumin, a 
polysaccharide and, possibly, a saline solution. 

A particular object of the present invention is, therefore, a composition comprising 
tenocytes, particularly human tenocytes, in a frozen condition. The invention also 
describes the medium required for the preservation of tenocytes, particularly human 
tenocytes, which comprises the tenocytes, particularly human ones, and: 

- DMSO, or 

- A modified gelatine, or 

- A polysaccharide, or 

- Glycerine 

The person skilled in the art can, moreover, use the process described below for 
adapting the composition of the freezing medium, particularly for the identification of 
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other compositions that can be used for the preservation of tenocytes in a frozen 
state. 

Preferably, this describes a medium comprising tenocytes, a saline solution, human 
albumin and a modified gelatine or a polysaccharide, preferably a polysaccharide. 
Even more preferable, is for these compositions, according to the invention, to 
comprise at least 5 x10 5 of tenocytes/ml. 

The preservation medium of the invention is generally prepared by mixing different 
components together, then adding the said medium to the tenocytes. As indicated 
above, the tenocytes can be primary tenocytes that have been freshly isolated from a 
biological sample, or also tenocytes that have been multiplied in vitro (for example, by 
single-bed culture). 

For the freezing of the tenocytes, the saline solution used can, more particularly, be an 
isotonic solution with the plasma. The salts that penetrate the composition of this 
solution can vary. Advantageously, they comprise chlorides such as, for example, 
sodium chloride, potassium chloride calcium chloride and/or magnesium chloride, and 
lactates such as, for example, sodium lactate. In a typical example, the isotonic saline 
solution comprises sodium chloride, potassium chloride, magnesium chloride and 
sodium lactate. According to another variation, the magnesium chloride is replaced by 
calcium chloride. In this case, the concentrations of salts in the saline solution are 
equivalent or more or less equivalent to those in a "Ringer-lactate" solution. Such a 
solution is normally used as an infusion to compensate for any dehydration or, for 
example, for any loss of physiological fluid. 

According to a special procedure for carrying out the process of the invention, the 
saline solution is substantially composed of NaCI, MgCI2, KCI and lactate in 
concentration ranges, respectively, of 2 to 9 g/l; 0.05 to 0.2 g/l; 0.05 to 0.5 g/l and 0.5 
to 5 g/l. 

The derivatives of gelatine used for the preservation of the tenocytes are, more 
particularly, modified liquid gelatines. Such modified liquid gelatines according to the 
invention are typically constituted from hydrolysis products of chemically modified 
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collagen, that are compatible for pharmaceutical use. These are preferably products 
having an average molecular weight within the range of 10 kD to 100 kD, and still 
more preferably between 15 kD and 40 kD. They are preferably modified by reaction 
with an anhydride so as to provide a final product that has a liquidity adapted for 
research use in accordance, for example, with the teaching in Patent FR 1 ,291 ,502. It 
refers, preferably, to succinic anhydride or to citraconic-, itaconic-, aconitic- or maleic 
anhydride. A modified liquid gelatine that is particularly advantageous is constituted 
from the hydrolysis product of collagen having an average molecular weight of 
between 15 kD and 40kD, that is modified by reaction with succinic anhydride. The 
modified liquid gelatines can, in accordance with the invention, be prepared by 
techniques known to the person skilled in the art. Amongst the modified liquid 
gelatines used, reference can be made by way of example to oxy-polygelatine, that is 
obtained by the polymerisation of gelatine with glyoxal and oxidation with H 2 0 2 . Other 
modified liquid gelatines are obtained by reaction of gelatine (that preferably has a 
range of molecular weights between about 15,000 to 36,000) with succinic anhydride, 
or with citraconic-, itaconic-, aconitic- or maleic anhydride, or with succinyl- orfumaryl 
chloride, as is described in French patent no. FR 1,291,502. All these derivatives of 
gelatine are compatible with their pharmaceutical use and can be directly introduced in 
isotonic saline solution into the blood stream. The modified liquid gelatines have also 
been described in patents US 2,525,753, US 2,827,419 and US 3,108,995. 

The serum albumin used is a human serum albumin (HAS), obtained as an extract or 
as a recombinant. The natural extract of HAS can be produced by the purification of 
biological material of human origin, by classical techniques of fractionation of plasma 
derived from blood donations (Cohn et al., J.Am.Chem.Soc. 68 (1946) 459 pp), or by 
extraction from the human placenta in accordance with the technique described by 
J.Liautaud et al. (13 th International Congress on ABS, Budapest; A: "purification of 
proteins. Development of Biological Standard", Karger (ed), Bale, 27 (1973) 107 pp). 
Preferably, the purified albumin used within the context of the present invention is a 
plasmatic albumin. Most particularly, a commercial solution of plasmatic albumin can 
be used. The recombinant HAS can be produced in a variety of host cell types, 
preferably in a eucaryote (cf. FR 2.746,109). 
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For the preservation procedure, the polysaccharide used can have different structures 
and different molecular weights. Preferably, a polysaccharide sulphate is used that 
preferably has a molecular weight between 5,000 and 500,000 daltons, more 
preferably between 30,000 and 250,000 daltons. The polysaccharide can be selected, 
for example, from dextran (40,000 or 60,000 daltons), amidone, hydroxy-ethylamidone 
(240,000 daltons), etc. 

In a particular method of operation, the medium of the invention is composed of 
plasmion (FR 2,042,381) to which is added human serum albumin to variable 
concentrations. 

In another preferred method of operation, the medium of the invention is composed of 
Rheomacrodex®, Hemodex®, Plasmaclair® or Hesteril®, to which human serum 
albumin is added to variable concentrations (from 5% to 45% for a 20% albumin 
solution). 

If necessary, the respective concentrations of the different constituents can be 
adjusted with the use of the following methodology: 

Into each pit on multi-pit plates, each of the constituents of the medium is introduced 
at a fixed concentration with the exception of a constituent whose concentration is 
variable. If necessary, a number of plates are prepared to allow for simultaneous 
testing of the different conditions of concentration for each constituent, or, if the 
number of pits is sufficient, the different conditions are tested on the same plate. 
Preferably, each condition is tested on each plate at least twice, preferably three 
times. A preparation of tenocytes is then introduced onto each pit at a concentration 
of the order of 10 6 cells/ml. The plate is placed into liquid nitrogen at -80°C (if 
necessary, after an intermediary stage in the freezer). The frozen plates are then 
unfrozen, and the cellular viability is determined for the contents of each pit, for 
example by staining with trypane blue. Each plate can be assessed by an automated 
system in such a way as to allow for evaluation of many conditions and for the simple 
analysis of the results obtained. 



19 

The compositions of tenocytes according to the invention can be preserved in a frozen 
state, for example at -80°C, without significantly affecting the functional properties of 
the cells. As indicated in the examples, a viability of the cells in excess of 85% is 
achieved. 

The present invention demonstrates, moreover, that the tenocytes can be modified 
genetically in vitro, ex vivo or in vivo, to contain a recombinant nucleic acid. This 
aspect of the present invention, therefore, allows for the transfer of biological 
properties and particular functionalities to the tenocytes, in vitro, ex vivo or in vivo, 
thereby, for example, improving the therapeutic capacity of the cells. 

Another object of the Invention is, thus, to provide for a human, genetically modified 
tenocyte, that is to say, one that contains a recombinant nucleic acid. 

Another object of the invention is, thus, to provide for an equine, genetically modified 
tenocyte, that is to say, one that contains a recombinant nucleic acid. 

The present invention also relates to any genetically modified tenocyte (i.e. of human 
or animal origin, for example equine), characterised in that it contains a recombinant 
nucleic acid that is coded for the growth factor or a factor that inhibits an inflammatory 
reaction. Such tenocytes exhibit advantageous properties for the reconstitution of 
biological tissue. The nucleic acid can have been introduced into the cell itself or into 
its parent cell, by different techniques for gene transfer (via a viral or non-viral vector, 
naked DNA, bombardment, electronic methods, etc). 

In this connection, the present invention also describes particularly useful methods for 
transferring genes into tenocytes in vitro, ex vivo or in vivo. These techniques rest 
principally on the use of naked DNA, of DNA that is combined with a promoting agent 
(for example, a cationic polymer) or, further, with the use of a recombinant retrovirus 
of the type GALV or a pseudo-type thereof enclosed by GALV. 

The invention particularly relates to all non-viral methods for transferring a 
recombinant nucleic acid into a tenocyte, human or animal, that comprises the placing 
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of a tenocyte in vitro, ex vivo or in vivo, into contact with a recombinant nucleic acid. 
Such non-viral methods can, according to the present invention, comprise, for 
example, 

- a direct contact in the form of naked DNA; 

- a contact in the presence of an agent or agents that can promote the transfection, 
for example the cationic polymers (poly-ethylene-imine), cationic lipids or peptides; 

- bombardment, or also 

- the application of an electric field. 

A particularly preferred method is in the utilisation of naked DNA. Thus, a particular 
object of the invention is to provide a method for transferring genes into a tenocyte, 
which comprises bringing a tenocyte in vitro, ex vivo or in vivo, into contact with a 
naked recombinant nucleic acid. 



The invention also comprises the utilisation of: 

- a composition comprising naked DNA for the preparation of a composition destined 
for transferring of this DNA into the tenocytes in vivo; 

- a composition comprising a recombinant pseudo-typed retro-virus enclosed by 
GALV, for the preparation of a composition destined for the transfer of this DNA into 
the tenocytes in vivo; 

- a recombinant nucleic acid for the preparation of a composition destined for the 
genetic modification of a human tenocyte in vivo. 

The present invention also relates to the utilisation of tenocytes for the treatment of 
different pathologies or deficiencies, both in man and in animals (particularly the 
horse). 

In addition, another object of the invention is the utilisation of tenocytes for the 
preparation of a composition destined for implantation in vivo. 



I! 3$ PAGE LEFT Bl^K 



21 

In particular, the invention relates to the utilisation of tenocytes for the preparation of a 
composition destined for the initiation of a method for therapeutic treatment and 
diagnosis of, or surgical intervention on the human or animal body. 

In the case of animals, particular mention is to be made of horses, particularly race- 
horses, that are subject to various alterations of the tendons or ligaments of the type 
of tendinitis. Such horses are either put down or treated by tendon splitting which, 
however, leads to greater rigidity of the tendons or to thickening so that the 
mechanical properties are impaired. The present invention allows for the implantation 
of analogous tenocytes (or of allogenic or xenogenic tenocytes), that are, for example, 
derived from a pre-established bank, for the reconstitution of tendons that will have 
mechanical properties similar to those that have not been affected. 

The tenocytes used in these methods of treatment are preferably autologues, that is to 
say, they are obtained from the same subject that is to receive the implants. As 
indicated above, it refers generally to tenocytes that have been multiplied in vitro, 
perhaps genetically modified, for example for encoding a growth factor. In any case, it 
can also refer to allogenic tenocytes (i.e. such that have been derived from a subject 
of the same species) or to xenogenic tenocytes (i.e. from another species). 

The present invention also describes methods for the restoration of defects in tissues 
in vivo, which comprise the administration of tenocytes to a subject, preferably 
autologues, for example such that have been multiplied in vitro. The cells can, 
additionally, be subjected to genetic modification. The administration can be 
undertaken in different ways. Preferably, it is done by peritendinous injection (into the 
sheath surrounding the tendon), or intra-tendinously (into the interior itself of the 
tendon, for example between the fibres). The injection can be undertaken per- 
cutaneously, during a micro-dissection procedure that, for example, allows section 
(separation) of the tendon, particularly during a splitting procedure. 

Preferably, the dosage of cells injected is between 10 4 and 10 9 , more preferably 
between 5 x 10 5 and 5 x 10 7 cells per injection. A typical injection comprises 10 6 to 
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10 7 cells. Moreover, two successive injections can, if necessary, be carried out (see 
below). The precise quantity of cells and the number of injections can be adapted by 
the person skilled in the art depending on the subject, the severity, the localisation 
and/or the magnitude of the defect that is to be treated, and on the presence of 
genetically modified cells, etc. In particular, in the case of the regeneration of a 
muscular defect (for example, a torn muscle), a more substantial number of cells can 
be administered. 

The use of tenocytes according to the invention, is particularly advantageous in 
orthopaedic surgery or for the repair of muscular lesions. In fact, tenocytes possess a 
metabolic activity for the important regeneration of tissues, that adapts to the local 
repair requirements. The utilisation of cells derived from anatomical structures that 
are close to the structures to be repaired comprises an additional, major advantage for 
reconstitution procedures of tissues that will have good mechanical properties. The 
use of tenocytes according to the invention, will also allow for a reduction in the time 
taken for the spontaneous healing process of fibrous structures (tendons, ligaments, 
etc.), which is frequently lengthy, (more than 45 days) and incomplete. To this end, 
compositions of tenocytes are preferably used, for the repair of lesions in tendons, that 
have been extracted (or derived) from tendons, and for the repair of lesions in 
ligaments compositions of tenocytes are used that have been extracted (or derived) 
from ligaments. The use of tenocytes that have been multiplied in vitro not only 
promotes an increase in cellular constituents of injured tissue, but equally serves as 
vector for the transfer of recombinant nucleic acids. In this connection, another 
advantage of the invention is the absence of any tenocyte migration out of the 
anatomical structure being treated. This substantially permits localisation of the effect, 
particularly during the transfer of genes ex vivo or in vivo. In addition, the fact that the 
delivery of the recombinant biological product becomes effective on contact with the 
effected cell itself, this favours intensification of the response. Thus, the 
chemotactism existing during the healing process also favours an attraction of 
tenocytes introduced and/or injected into the site of the lesion, thereby further 
promoting the local effect. 

A further application of the techniques for increasing cellular production in vitro 
according to the invention, concerns the repair of traumatic muscular lesions. Thus, in 
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more or less extensive ruptures, conservation treatment is the general rule, but at a 
price of slow healing. In addition, the persistence of an accompanying muscular 
nodule is sometimes observed together with a loss of muscular power and the risk of 
blockage of the damaged area by fibrous scar tissue which also diminishes the 
mechanical quality of the repaired muscle. The injection, (for example, per- 
cutaneously) of a composition containing tenocytes (or myoblasts) will promote a rapid 
packing of the damaged area and preserve the mechanical qualities of the muscle. 

Consequently, the invention also relates to the compositions and methods for: 

- reconstituting the cellular composition of tendons, ligaments or muscles^ 

- promoting the healing of ligaments, tendons or muscles, 

- treating defects in biological tissues such as, for example, defects in tendons, 
ligaments, skeletal muscles, etc., as well as 

- the production of biological factors in vivo by the administration of tenocytes that 
have been genetically modified ex vivo, or by genetic modification of the tenocytes in 
vivo. 

According to a particular method of the invention, the recombinant nucleic acid is 
coded with a growth factor and the invention allows for the production in vivo of a 
growth factor having the cellular composition of the tendon or of its vascularisation, 
with the aim of improving the regeneration of a tendon or ligament or, more generally, 
of biological connective tissue and/or fibrous or muscle tissue, (such as skeletal 
muscle), and/or of producing one or more factors that reduce inflammatory reactions. 

By 'growth factor' is understood all proteins, polypeptides or peptides that are 
susceptible to promote specific biological responses such as, for example, chemotaxy, 
cellular proliferation, the synthesis of collagen fibres and of matrix proteins, induction 
of neo-vascularisation and the secretion of other growth factors. 

Amongst the growth factors that can be utilized within the scope of the invention, the 
following can be cited: 
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- The TGF-P (Transforming Growth Factor (3), which seems to be a mediator 
implicated in the healing process of tendons because its presence is related to repair 
phenomena of tendons (5); 

- The bFGF (Basic Fibroblast Growth Factor), which plays an important role in the 
proliferation of tenocytes and in angio-genesis (6). In fact, their receptors are active 
throughout the period of neo-vascularisation. The bFGF is produced by cellular 
inflammation, and also by tenocytes. This production is regulated by the healing 
environment. 

- The EGF (Epidermal Growth Factor), which promotes the proliferation of tenocytes 
and where the receptors are present for a large part of the healing process. The 
constant activity of the receptors to the bFGF and the peak of the activity of the EGF 
receptors in the synovial membrane, indicate that the synovial is involved in the 
migration of tenocytes and in the re-vascularisation of a ligament lesion. The 
increase in receptors is also apparent at the level of the point of insertion of the 
ligament, an important vascularisation zone, thus promoting cellular migration by a 
chemotactic effect. 

- The PDGF (Platelet Derived Growth Factor) which promotes mitogenic and 
chemotactic activity in the tenocytes. It also promotes the synthesis of collagen (7). 

- The VEGF (Vascular Endothelial Cell Growth Factor) the action of which promotes 
an increase in vascularisation of the tendons or ligaments or muscles, and in this 
way facilitates the reconstitution of defective tissues. 

The ideal period for administration of the genes bearing the growth factors, or of cells 
containing such genes, for the therapeutic interventions is, preferably during the 1 st 
and the 7 th day after the injury, which corresponds to the optimal activity period of the 
receptors. It is understood that the administration can be undertaken at different 
periods (particularly later). 

These different growth factors and their specific receptors are, therefore, observed 
during successive phases of the healing process of ligaments and tendons. In many 
cases, the tissue repair is insufficient due perhaps to defects in the intrinsic healing 
process (for example, anterior ligament intersection), or to the existence of particular 
factors that reduce the capacity of the tissue to heal (ageing effect, retention of 
corticoids, diabetes, etc.). It has been shown that with anterior ligament intersection, 
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there is a shortage of mediators and of specific receptors. It is possible that this could 
also explain healing problems in tendon tissue. 

Amongst the useful factors that inhibit inflammation reactions that can be used within 
the scope of the invention, there can be specifically mentioned interleucine-10, the 
receptor of interleucine-1 , the corico-mimmetics or, more generally, all poly-peptides 
that are able to inhibit the development of an inflammation response. 

Moreover, recombinant nucleic acids are also able to encode other interesting 
biological products such as, for example, markers, products that provide conditional 
toxicity (for example, a substance of the thymidine kinase type), enzymes, 
compositions of the extra-cellular matrix, etc. 

The present invention promotes activity for local restoration, at non-toxic doses, of 
these growth factors or of other biological products, and thus promotes improvement 
in the mechanical and structural properties of tendons and ligaments during the 
healing process. These different biological products can be utilised either alone or in 
combinations. The present invention can now demonstrate that it is possible to 
implant into fibrous tissues of a structure (for example, of a tendon or ligament), 
genetically modified cells that are capable of providing a polypeptide, and that this 
polypeptide diffuses or is in contact with the cells present in the tendon (or fibrous 
tissue). 

As has been indicated above, the present invention has the object of utilising 
tenocytes for the preparation of a composition intended for implantation in man, 
particularly for the treatment of defects in fibrous tissues such as, for example, 
ligaments, tendons or skeletal muscle. 

The expression "treatment of defects" describes more particularly the restoration of or 
the compensation for defects, that is to say, specifically the reconstitution , at least 
partially, of tissues in the areas where they became defective. Preferably, it relates to 
the utilisation within an autogenous context, that is to say that the biological sample 
which is used for the production of tenocytes is derived from the subject where it is 
proposed to administer the tenocyte products. In any event, as indicated above, the 
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use of allogenic or xenogenic cells (from the rabbit, horse or pig, etc) can equally be 
considered for the treatment of human pathological conditions. 

More generally, the invention relates to the use of any autologous, allogenic or 
xenogenic cells for the preparation of a composition intended to be implanted or 
administered in a tendon or ligament. It concerns more particularly a tenocyte or a 
fibroblast, cultivated in vitro, possibly genetically modified. 

In this regard, the invention also relates to a method for restoring tendons, ligaments 
or muscles in vivo, which comprises the administration of a composition of tenocytes 
into the subject (preferably, man). It can relate to autologous tenocytes, or to 
allogenic or xenogenic tenocytes, that are preferably multiplied in vitro. The tenocytes 
can also be modified genetically. Preferably, autologous tenocytes are used. 

In this regard, the process of the invention advantageously provides for the withdrawal 
of a healthy sample of the tendon or ligament from the subject, the preparation of 
tenocytes starting out from the sample, and then the administration into the subject of 
a composition of tenocytes that has been obtained in this way. 

According to another variation, the invention relates to a method for the restoration of 
tendons or ligaments in vivo, which comprises the administration of a composition of 
fibroblasts into a subject. This can refer to autologous, allogenic or xenogenic 
fibroblast, that have, preferably been multiplied in vitro. In addition, the fibroblasts 
used can have been genetically modified, preferably for providing a growth factor, or 
any other nucleic acid that can permit the fibroblasts to acquire the biological 
properties adapted for use according to the invention, particularly for providing a 
phenotype, or the characteristics of a tenocyte such as, for example, a gene encoded 
for a factor that promotes the production of collagen, for a composition of the extra- 
cellular matrix, for an anchorage factor, etc. Preferably, autologous fibroblasts are 
used, for example cutaneous fibroblasts. 

According to this variation, the process of the invention advantageously provides for 
the withdrawal of a sample of healthy fibroblasts from the subject, their genetic 
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modification ex vivo, and then the administration into a tendon or ligament of the same 
subject of the fibroblasts obtained in this way. 

According to another variation, the invention relates to the utilisation of tenocytes or 
fibroblasts that are autologous, allogenic or xenogenic, for promoting the healing 
process of torn or ruptured muscles. The rupture of a muscle is, in effect, 
accompanied by retraction of the two separated (or torn) sections towards the 
insertion site of the tendon. Experience has shown that with, for example, rupture of 
the quadriceps, the best available therapy has been, on the one hand, to restrain, to 
seek to resorb the haematoma, and then on the other hand, to promote healing of the 
muscle by extension, since any attempts at suturing these muscles have always been 
unsuccessful. An advantageous application of the invention, therefore, comprises the 
injection of suspensions of tenocytes or fibroblasts into the heart of the lesion, thereby 
to accelerate the healing process of the fibres and so to reduce the time required for 
immobilisation of the muscle. 

In the present invention, when allogenic or xenogenic fibroblasts are used, it becomes 
possible to establish a fibroblast bank. 

Various techniques can be used for the implantation procedure, depending on the 
material implanted (in suspension, mould, etc.). 

In this connection, the present invention describes a method for the implantation of 
cells in vivo, into a tendon or ligament, which comprises the injection of cells intra- 
tendinously or intra-ligamentally. 

According to another variation, the injection is administered peri-tendinously or peri- 
ligamentally, that is to say, into the sheath surrounding the tendon or ligament. 

According to another variation, the cells are inserted into the interior of a device that is 
capable of positioning itself around a tendon or ligament, for enveloping the injured 
part thereof. This can be carried out with the use of any bio-compatible material 
(subsequently bio-degradable) that is capable of forming a sleeve around the tendon 
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or ligament. The cells are thus maintained in close contact with the tissue and with 
the treatment area. 

The invention also describes the utilisation of a bio-compatible film, particularly one 
that is capable of being resorbed, for the preparation of a composition, particularly of 
tenocytes, intended for implantation into cells of a defective tendon or ligament. This 
concerns, more preferably, tenocytes in liquid solution or in the frozen state, that have 
been multiplied in vitro. Yet more preferably, it refers to autologous tenocytes. 

The tenocytes, compositions and methods according to the invention are equally well 
usable for studying the activity of genes in tenocytes, their differentiation, for the 
identification of target genes, for screening of the compositions that can modulate the 
activities of tenocytes or their proliferation, etc. 

Other aspects and advantages of the present invention will become evident by the 
interpretation of the following examples which should be considered as illustrations 
only and not limiting the scope of the invention. 

LIST OF FIGURES 

Fig. 1: Representation of the structure of a tendon 

Fig. 2: Schematic view of a transverse section of a tendon 

Fig. 3: Evolution over time of transduced tenocytes by the gene LacZ, following 
retroviral infection 

Fig. 4: Evolution overtime of the number of tenocytes transduced by the gene LacZ, 
following retroviral infection (at the ninth passage). 

Fig. 5: Evolution over time of the number of tenocytes transduced by the gene LacZ, 
following retroviral infection (at the 18 th passage). 
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Fig. 6: The amount of beta-galactosidase provided by the transduced tenocytes. 

Fig. 7: Tenocytes of the rabbit transduced in vitro by a retro-virus GALV-LacZ 

Fig. 8: In vivo transfection of a mouse tendon by the plasmid CMV-LacZ (40 |jg) (96 
hours after transfer) 

Fig. 9: Staining in toto of a mouse tendon, 48 hours after transfection in situ by the 
plasmid CMV-LacZ (40 pg). 

Fig. 10: Results after 48 hours of the implantation into a patellar tendon of the rabbit, 
of tenocytes modified ex vivo by the plasmid CMV-LacZ. 

Fig. 11: Results after 48 hours of the implantation into a patellar tendon of the rabbit, 
of tenocytes modified ex vivo by the plasmid CMV-LacZ. 

Fig. 12: Growth curve representing the first, second and third passages (P1, P2, P3) 
of primary cultures of tenocytes prepared by dissection and digestion with collagenase 
of fragments of the human Achilles tendon obtained from a 28-year-old subject. (12a) 
direct cultures; (12b) cultures after freezing/de-frosting of the cells. 

Fig. 13: Microscopic image of human tenocytes transduced by retroviruses coding for 
the protein LacZ, following colouration with X-gal. 

MATERIAL AND METHODS 

1 . Vectors 

The vectors used in vitro were the plasmid and retro-viral vectors 



1.1 Plasmids 
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A plasmid with a gene encoded for B-galactosidase 

The plasmid used was the CMV-LacZ, which is a DNA-plasmid-modified Escherichia 
coli (pCMVp, produced by Clontech®). This plasmid comprises the promoter CMV, 
derived from the human cyto-megalo-virus, which promotes strong activity by the gene 
LacZ, the originator of Escherichia coli, encoded for 0-galactosidase (f3-Gal). The 
sequence terminates at a signal for poly-adenylation (poly A) derived from the virus 
SV40 (simian virus). The plasmid contains, moreover, an origin of the replication 
derived from E.coli (Col E1 Ori), and a selection gene that promotes resistance to 
ampicillin (Fig. 3). 

The stages in the production of the plasmid CMV-LacZ comprise (8): 

- The culture on a selection medium of bacteria that contain the plasmid, 

- Extraction of the plasmidic DNA by alkaline lyophilisation, 

- Recovery of the bacterial culot, 

- Elimination of the DNA bacterial genome, 

- Precipitation of the plasmid DNA, 

- Purification by a double pressure gradient with caesium chloride (precipitation of 
the proteins, double ultra-centrifugation over 6 hours at 55,000 rpm and at 20°C, 
followed by dialysis), 

- Precipitation of the plasmid DNA (concentration of the DNA). 

Plasmids with a gene encoded for the green fluorescent protein 

Other plasmid structures encoded for a marked gene of the GFP type (green 
fluorescent protein) have also been used. This type of gene promotes detection by 
fluorescence under the influence of ultra-violet rays. The plasmids used were the 
SV40-GFP (the promoter of the Simian Virus 40) and the PET-47. The method of 
production used was identical to that described above. 



1.2 Retroviral Vectors 



r-B rh^ (PS A 



31 

Two types of retroviral vectors that transduce the gene nls-LacZ were used. This 
gene promotes marking, in blue, of the nucleus of transduced cells after staining with 
X-gal (5-bromo-4-chloro-3-indolyl-D-b-galactopyranoside). The retro-viruses produced 
are derived, in some cases, from the murine leukaemia of Moloney (Mo-Mulv) and, in 
others, from the acute leukaemia of the gibbon (Gibbon Ape Leukaemia Virus (GALV)) 
(9). The encapsulation lines were, in the first case, the ^crip LLZ (M^crip-LLZ-nis 
LacZ) and, in the second case, the GALV 18. These lines are described later. 

The super-nascent components from the production process of the virus were 
recovered and purified in a filter of 0.45 pm (elimination of the encapsulated cells and 
of cellular debris), and the quality of the stocks was then verified. 

The super-nascent products were separated in sterile water-proof tubes as aliquots, 
so as to prevent subsequent coagulation. The tubes were then preserved at -80°C. 

2. Cellular Cultures 

2.1 Tenocytes 

The tenocytes were isolated from the Achiles tendon of an adult male mouse of the 
type OF1, SPF (specific pathogen free), about 40 g (IFFA-CREDO®), or from the 
patellar tendon of an SPF (specific pathogen free), male rabbit of the New Zealand 
type, about 2.5 kg (ESD®-France). Human tenocytes were obtained in a similar 
manner. 

2.2 Encapsulated Lines 

Two types of encapsulated lines were used for the production of retroviral vectors: 

The line GALV 18, prepared by F.L.Cosset, who produces the recombinant retro- 
viruses that have the capsule is that of the virus GALV that is responsible for acute 
leukaemia in the gibbon. These expressed cells are derived from osteo-sarcoma cells 
of the type TE 671 that, on the one hand, have been transfected by vectors carrying 
the gene gag-pol and, on the other hand, the env, to end up, after selection, in the TE 
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FLY GA cells, delivering the empty viral particles. After transfection by a vector 
containing the gene nls-LacZ, the encapsulated cells GALV 18 were obtained. 

The encapsulated cells of the type H^crip LLZ (^crip-LLZ-nis LacZ) are the fibroblasts 
of the mouse that are producers of recombinant, amphotropic viral particles, having an 
envelope of the murine leukaemia virus of Moloney. 

2.3 The Cellular Culture Medium 

The basic medium 

Two types were used, namely the DMEM (a medium from Eagle modified by 
Dulbecco, reference number 41966, Life Technologies®) and the HAM F12 (a 
medium from Ham, reference number 21765, Life Technologies® (10, 11). 

Supplements: 

It will be necessary to add: 

- Foetal calf serum (FCS, from the HyClone® Laboratory), inactivated by heat, at 10 
p. 100 of the volume, or newly born calf serum (NN, HyClone® Laboratory); 

- L-glutamine at 4 mM/l (Gibco®); 

-A mixture of antibiotics PSN (penicillin, streptomycin, neomycin) at 1X (stock 100X, 
reference number 15640-022, Life Technologies®); 

-Vitamin C (ascorbic acid) at 50 mg/l (Sigma®, reference number 44-03), in certain 
cases (12). 

The rabbit and human tenocytes were cultured in the two types of medium under 
comparable conditions, supplemented by FCS, with and without vitamin C. The 
mouse tenocytes were cultured in DMEM supplemented by FCS and vitamin C. 
During the culture procedure, the cells were seeded on a support of polystyrene 
culture (Costar®) of which the area varied between 75 and 225 cm 2 . The support was 
then transferred to an incubator at 37°C in an atmosphere enriched with C0 2 (5% of 
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C0 2 ). The atmospheres were systematically renewed every 2 to 3 hours. On 
blending, the ceils were separated with the use of trypsin-EDTA (Life Technologies®). 
A sample was then analysed after staining with trypan blue, in order to determine the 
cellular concentration, to be able to calculate the total number of cells, and to assess 
the cellular mortality rate. The rate of re-seeding of the cells was adapted to the type 
of manipulation used. A number of primary lines of tenocytes (primary cultures) were 
formed starting from tendon tissue of animal origin. 

3. Analysis of the transfer of genes in vivo 

3.1 The technique used for staining on slides 

Following extraction from the animals, the tissues were plunged into liquid nitrogen 
and then transported to the histology laboratory. After insertion in a resin, the tissues 
were sliced in a microtome into sections 5 to 10 pm thick. The sections of tissue were 
then placed onto slides. The sections were fixed over 30 minutes with a solution of 
PBS containing 1% of formaldehyde and 0.2% of glutaraldehyde. After two rinses with 
PBS, the sections were kept in a solution of X-Gal for 4 hours. The interpretation of 
the sections was improved by the counter-staining of some sections with HE 
(haematein-eosin) emphasising the nuclei in the cells and allowing identification of the 
presence of the infiltration of mononuclear cells. 

3.2 Staining technique in toto 

This technique allows for the detection of p-galactosidase activity by the presence 
within the monobloc tissue studied of blued coloration that is visible macroscopically. 
After removal from the animal, the tissues were washed twice in PBS. The fixing was 
done by plunging the withdrawn "monobloc" twice into a solution of PBS containing 
1% of formaldehyde and 0.2% of glutaraldehyde, over 30 minutes. After two rinses 
with PBS, the tissues were retained in a solution of X-Gal over one complete night, at 
a temperature of 32°C. After two rinses with PBS, the tissues were placed in paraffin 
wax. The sections having thicknesses between 5 and 10 pm, were centred in the blue 
zones and placed onto slides. The counter-staining of some sections with HE allowed 
the cell nuclei to be emphasised. 
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3.3 Macroscopic analysis 

Examination of the tendon was undertaken during its removal and again after staining of 
the material in toto. 

During the removal, the overall structure of the tendon and of the peri-tendon tissues 
was studied as well as the articulation of the neighbouring structures (inspection of the 
cartilage, the menisci and the synovial membrane). Any signs of inflammation, 
modifications in volume or texture of the tendon and the existence of any adhesions 
were particularly investigated. 

After the overall staining, macroscopic analysis of the withdrawn material facilitated a 
study of the blued staining to be interpreted as an indication of the presence of 
transduced cells. This analysis was carried out within and around the tendon, while 
precisely identifying the extent, the location and the diffusion of that staining. 

3.4 Microscopic analysis 

The inclusions of tissue, the sections and the interpretations of the slides were 
completed. The techniques used involved both the staining on slides (classical 
technique) and the technique of staining in toto. 

The analysis of the slides involved the display of blue coloration which signifies the 
presence of transduced cells in the tendon. The blue colour is restricted to the nuclei 
that contain the gene nis-LacZ, and, to both the nuclear and cytoplasmic presence of 
the gene LacZ. The distribution of the blued zones was noted. Moreover, infiltration of 
mononuclear cells or any indication of hyper-vascularisation, indicated an inflammatory 
reaction, when it was identified around the blued zones. The interpretation was 
facilitated by counter-staining with HE. A study of the injected tendons under the same 
conditions but without the gene LacZ facilitated verification of the absence of 
endogenous (3-galactosidase activity. 
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EXAMPLE 1: THE PRODUCTION AND CULTURE OF TENOCYTES 

This example describes the production and culture of tenocytes obtained initially from 
fragments of healthy tissue. 

After removal of the tendon that was carried out on a subject under aseptic conditions 
the cells were obtained in two stages: 

- The mechanical diminution of the extracted tendon into millimetric fragments with the 
use of fine scissors. The fragments were then subjected to the culture procedures. 

- The enzymatic digestion using collagenase type D with a weak trypsin activity 
(Boehringer ®, ref.no. 1 ,088,866). A first phase of the digestion utilised a solution of 
HBSS (equilibrated saline solution by Hanks, Life Technologies ®), enclosing 1 mg/ml 
of collagenase (about 1 12 U/ml) under a volume equivalent to 5 ml of solution per 0.1 g 
of tissue for digestion (1 0). The tube was placed into the incubator at 37°C, on a 
rotating stirrer, for one hour. A second phase of the digestion involved the use of an 
enclosing solution of 0.25 mg/ml of collagenase under the same volume. The tube was 
then placed in an incubator at 37°C O.N (overnight). The following day, the tube 
contents were passed through a filter with a pore size of 70um (cell strainer®), and then 
transferred into a 25 cm 2 flask after two rinses with PBS (Dulbecco's phosphate 
buffered saline, Gibco®). 

The primary cultures were treated under the conditions described above. The medium 
was renewed every 48 hours, and the dividing out was carried out when the cells 
became confluent. 

During the two distinct stages that were undertaken on two different rabbits, the 
appearance of the first cellular lines was observed from the 13 th day after the 
mechanical diminution of the extracted tendons (1/3 of the patellar tendon, that is, about 
160 mg). During the association with the enzymatic digestion by the collagenase D, in 
two other interventions, the first cellular line appeared on about the 4 th day. The 
confluence, on a support of 25 cm 2 , was obtained on about the 21 st day after the 
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mechanical diminution of the isolated material, and on about the 16 th day after the 
mechanical diminution associated with the enzymatic digestion O.N. 

During the two distinct interventions, the mechanical diminution of an Achiles tendon of 
the mouse, associated with the enzymatic digestion by collagenase D, permitted the 
isolation of 5 x 1 0 3 cells from each tendon on the first day (about 25 mg). The 
confluence on a support of 25 cm 2 , was achieved in 12 days and a number of cells of 
the order of 3 x 1 0 6 cells was obtained in 21 days. 

During a number of separate interventions, the mechanical diminution of fragments of 
human Achilles tendon, in association with enzymatic digestion with collagenase, 
allowed human tenocytes to be isolated and placed and maintained in culture. The 
results presented in Fig. 12a demonstrate that human tenocytes, from different 
passages, exhibit an important capacity for proliferation (expansion) in vitro, and allow 
for a sufficient generation of viable cells to be produced that are biologically functional 
for therapeutic application. 

The tenocytes isolated from the tendons of NZ rabbits were large fusiform cells with 
fibroblastic appearance. 

At the confluence, the cellular density was around 2.8 x 10 4 cells per cm 2 . This quantity 
was also obtained on different sizes of supporting material for the cell culture (25 to 220 
cm 2 ), while allowing the cultures to approach the maximum confluence of the mono- 
layer. Apart from the confluence, these cells also developed on superposed layers but 
this did not allow for satisfactory separation. 

The size of the tenocytes was estimated by calculating the value of the surface of the 
culture support against the number of tenocytes at the confluence. This size was of the 
order of 3.6 x 10 3 p 2 . Taking into account the microscopic observations which indicated 
that the estimated length by width was around 4:1 , the size of the tenocytes was 
calculated to be about 120 p long by 30 p wide. However, it was observed that the size 
and shape of these cells varied in accordance with the degree of confluence and the 
frequency of dissemination. 
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The initial culture trials using variable seeding volumes (from 1/16 of the confluence to 
% of the confluence) indicated that the development of the tenocytes seemed to be 
optimal at a seeding rate of around % of the confluence. This was evaluated by a semi- 
quantitative method by observing the time taken for doubling the number and taking 
account of the frequency of dissemination. In fact, the separations were regular with a 
frequency less than every 8 days. Apart from this delay, even if it did not occur at the 
confluence, the tenocytes required an extended time of contact with the trypsin, the 
cellular mortality rate was important and the dissociation of the tenocytes was of a bad 
quality. 

The time required for cellular doubling was estimated for two tenocyte cultures derived 
from the same rabbit, continuing for more than 45 days. The culture conditions used 
were identical in the two trials. The tenocytes were seeded, to V* of the confluence 7 x 
10 3 cells per cm 2 , on a supporting material of 150 cm 2 , the medium was renewed every 
two days and the dissemination occurred once a week. 

The rabbit tenocytes were at the 9 th passage in trial 1 , and at the 1 8 th passage in trial 2. 
The time taken for doubling the number of tenocytes varied in a significant manner in 
the same culture and with regular dissemination conditions. The growth rate of the 
tenocytes, by decreasing the doubling time, tended to increase with the number of 
passages. The results are presented in table 1 . 

The human tenocytes were obtained under the same conditions, being derived from 
human tendons or fragments of human tendons, either from goosefoot tendons, patellar 
tendons or from the tendon of the minor palm musculature. 

EXAMPLE 2: FREEZING THE TENOCYTES 

Methods for preserving tenocytes by freezing have been developed in order to provide a 
simple method for using cells for different experimental purposes without having to 
recover them by way of new extractions. 
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This example demonstrates how primary and secondary tenocytes can be frozen 
without alteration to their viability. 

The freezing procedures were carried out in the presence of DMSO in a medium of V2 
the volume of newly borne calf serum and V* the volume of a mixture of RPMI 
containing 20% of DMSO. The tubes were preserved at -80°C and then in liquid 
nitrogen. The same positive results can also be obtained by carrying out the freezing of 
tenocytes in the presence of a medium without DMSO and/or glycerol as described in 
the text. 

All the trials on freezing and de-freezing (about 30 de-freezings) have demonstrated the 
good tolerance of tenocytes to the freezing procedures used. After de-freezing, the 
mortality rate was low and the cells recovered their growth characteristics in vitro similar 
to those of non-frozen and similarly derived cells. These results are more interesting 
because tenocytes are derived from cells with limited life span in which the number of 
divisions are limited (13). After all, with only a relatively short delay, it is possible to 
obtain a substantial number of cells which can be frozen for later utilisation. In this 
connection, Fig. 12b illustrates the survival capacity and growth rate of human 
tenocytes after freezing/de-freezing. This figure also demonstrates that human 
tenocytes can be frozen and de-frozen, that these cells remain viable and can be 
cultured, that they can be multiplied in vitro after de-freezing, and that they remain 
biologically functional. 

EXAMPLE 3: TRANSFER OF TENOCYTE GENES IN VITRO 

This example demonstrates the possibility of usefully transferring genes in tenocytes in 
vitro. Different techniques can be used for transferring genes in vitro (or ex vivo). In the 
examples, the transfer of tenocyte genes has been studied in vitro via plasmids or 
retrovirus. 

3.1 Transfer of plasmids 



The plasmids tested were of the type LacZ (CMV-LacZ) and of the type GFP (SV40- 
GFP and PET 47). The transfections were carried out with 10 \jg of DNA into pits of 10 
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cm 2 containing 2 x 10 5 tenocytes. The plasmids were used naked or enclosed in PEI 
(30 \j\ at 10* 2 M per pit). The success of the transfer was observed by direct 
examination of the pits, by counting the number of transduced cells after detachment 
(after staining with X-Gal or counting by FACS) or by the chemo-luminescence 
technique. 

On the 1 st day, the tenocytes were put to culture on 9 cm 2 supports so as to produce a 
confluence of 60p x 100 on the following day. 

On the 2 nd day, after removal of the culture medium, a volume of 0.5 ml of a solution of 
HBSS containing a desired quantity of plasmids, was poured onto the mono-layer of 
tenocytes. The support was then replaced in the incubator (at 37°C, in 5% of C0 2 ), and 
a volume of 1.5 ml of the medium was added two hours later. 

On the 3 rd day the usefulness of the transfection was evaluated. 

The results achieved demonstrate that the transfection of tenocytes in vitro by non-viral 
vectors is possible. In particular, the results obtained demonstrate a level of 
transfection, calculated for 100 cells in the presence of PEI, of the order of 10%. The 
activity of (3-galactosidase has been calculated in two trials, in 10 cm 2 pits containing 
tenocytes transfected by 10 pg of DNA and of PEI (30 pi of 10" 2 M). This activity was 9 
pg and 53.5 pg of (3-galactosidase for a control of 0 pg. The transfection by the plasmid 
SV40-GFP (10 pg) enclosed by PEI (30 pg of 10" 2 M) also indicates a transfection 
calculated by FACS on 1 500 cells to be of the order of 24%. 

These results demonstrate, therefore, that tenocytes in vitro can be transfected by non- 
viral vectors, particularly by plasmid DNA. 

3.2 Transfer by a retrovirus 

After their titration onto reference cells, the retroviral vectors were used to infect human, 
rabbit and mouse tenocytes in vitro. The success of the transfer was demonstrated by 
direct examination of the pits, by counting the transduced cells after separation, or by a 
chemo-luminescent technique. 
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The effect of infection conditions on the success of the transfer was analysed by a study 
of rabbit tenocytes infected by retroviral vectors of the type GALV, while varying the rate 
of confluence of the tenocytes and the periodicity of renewal of the viral super- 
nascence. 

The success of the transduction of the retroviruses GALV 18 and MJcrip-LLZ was 
compared by analysis under identical conditions, with the (3-galactosidase rate and 
activity of transduced tenocytes. The rate of activity of the (3-galactosidase by a 
transduced tenocyte was calculated for each of the two types of retrovirus, in relation to 
the rate of global activity of the total number of transduced tenocytes. 

On the 1 st day, the cells were placed for culture on 9 cm 2 supports in such a manner as 
to achieve the desired confluence on the following day. 

On the 2 nd day, after removal of the culture medium used, each pit received a volume of 
0.5 ml of super-nascence containing the virus, to which had been added 4 pi of 
Polybren (namely, 8 (jl/ml). The support was then replaced in the incubator (at 37 °C, 
with 5% of C0 2 ), and a volume of 1.5 ml of fresh medium was added into each pit four 
hours later. 

On the 3 rd day, analysis of the success of the transfer was carried out. 

Demonstration of the success of the transfer was carried out either by direct observation 
of the culture supports (semi-quantitative estimation), or by determination by counting 
the cells after separation (precise value of the number of cells transduced). 

The fixing of cells transduced by the gene GFP was carried out by a solution of PBS 
containing 1% of para-formaldehyde, and that of cells transduced by the gene LacZ 
used a solution of PBS containing 1% of formaldehyde and 2% of glutaraldehyde. 



Results 
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The titration of the super-nascent retroviruses produced by the cells encapsulated with 
^crip-LLZ, was carried out on cells 3T3 NIH (seeded with 2 x 10 5 cells in each 10 cm 2 
pit). The titre was of the order of 3 x 10 5 pfu/ml of super-nascent material. 

The titration of the super-nascent retroviruses produced by the cells encapsulated with 
GALV 18, was carried out on HCT 116 cells (seeded with 5 x 10 5 cells per 10 cm 2 pit). 
The titre varied between 2 and 5 x 10 5 pfu/ml of super-nascent material. 



Infection of rabbit tenocvtes with retroviral vectors 

The effect of conditions of infection on the rate of viral transduction. 

The rate of transduction in vitro of rabbit tenocytes was measured by varying the rate of 
confluence of the tenocytes and the conditions of contact with the super-nascent viral 
GALV 18 (Fig. 7). The viral super-nascent material was used in the pure state over 4 
hours, either renewed or not. The results were evaluated by manually counting the 
number of tenocytes transduced in the sample of 500 cells (table II). No transduced 
tenocyte was found that had not been infected. 

The rate of transduction of tenocytes seems to have been optimal at % of the 
confluence and without renewal of the viral super-nascent material. This rate tended to 
be reduced with an increase of the confluence of tenocytes and the number of super- 
nascent renewals. 

Comparison of the rate of transduction by the retro-viruses GALV 18 and H*crip- 
LLZ 

The capacity for infection of rabbit tenocytes by retroviral vectors was tested in vitro in 
10 cm 2 pits containing 7 x 10 4 cells. The rate of transduction of tenocytes was 
calculated on samples of 500 cells in 2 trials using the same super-nascent viral 
material. The rate of transduction was between 0.6% and 0.7% using the retrovirus 
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qj cr jp_LLZ, and between 36.6% and 39.8% using the retrovirus GALV 18. In the tests 
(no pits infected) no tenocyte was transduced. 

The activity of the 3-galactosidase of transduced tenocytes by these retro-viral vectors, 
was measured in 1 0 cm 2 pits under the same procedural conditions. This activity, after 
infection with the retrovirus MJcrip-LLZ was between 106 pg and 166 pg, or about 0.25 to 
0.34 pg Per transduced tenocyte. After infection by the retrovirus GALV 18, it was 
between 6274 pg and 8876 pg, or about 0.25 to 0.32 pg per transduced tenocyte. The 
background activity (non-infected cells) was 5 pg. 

The kinetics 

The evolution over time of the total theoretical number of transduced tenocytes after 
infection with retrovitral vectors of the type GALV 18, is presented in the table III. The 
results are derived from two trials using infected tenocytes from passage 9 (trial 1) 
and passage 18 (trial 2). By calculation of the exponential evolution, the results are 
expressed as the log of the number of cells obtained, and is represented in the form 
of a curve (Fig. 3). The slope of a curve is calculated for each trial, and permits an 
understanding of the kinetics and extrapolation of the results. 

The evolution of the rate of cell transduction was analysed in two trials using 
tenocytes from infected rabbits by the retroviral vector of the type GALV, at the 9 th 
passage (Fig. 4) and at passage 18 (Fig. 5). The results, represented as curves, 
were expressed by means of two measurements. The degree of confidence had a 
value of a deviation type. 

The presence of a trans-gene in the tenocytes was also significant 77 days after 
cessation of the infection. The rate of transduction of the tenocytes was relatively 
stable with a tendency to increase. 



in fection of mouse tenocytes with retroviral vexctors 
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The infection of mouse tenocytes by the retrovirus MJcrip-LLZ was tested in vitro on 
cells at % of the confluence with the use of pure, super-nascent viral material over 4 
hours. During the infection of the 10 cm 2 pits that contained 1.4 x 10 5 tenocytes, the 
number of transduced tenocytes was 245 per ml of the pure viral super-nascent 
material. 

Infection of human tenocytes with a retrovirus 

Human tenocytes in culture (passage P2) were incubated in the presence of super- 
nascent retrovirus GALV 18, containing the gene nls-LacZ, under the conditions 
described above. Three days after infection, the cells were fixed in formaldehyde and 
stained with X-gal for identification of the activity of the gene LacZ. 

The results obtained are presented in Fig. 13, and demonstrate a heightened 
efficiency of transduction of human tenocytes. Thus, these results show that human 
tenocytes in culture can be modified genetically in a useful manner, with the use of a 
retrovirus, and that they can thereby acquire the advantageous properties for 
therapeutic use in accordance with the present invention. These results can equally 
well be transposed for direct genetic modification in vivo. 

Constitution of a line transduced bv the gene nls-LacZ 

Tenocytes derived from patellar tendons of the New Zealand rabbit, were infected with 
retroviral vectors of the type GALV 18, carrying the gene nis-LacZ. 

The conditions of the infection comprised the seeding of tenocytes at % of the 
confluence, in a 150cm 2 flask, then their infection over 4 hours by a super-nascent pure 
viral that is non-renewed. The medium, added at 4 hours, contained DMEM 
supplemented by vitamin C. 

The cultures were then transferred to 150 cm 2 flasks with a separation to % of the 
confluence every week. During each separation, examination of a sample of cells 
allowed the total number of cells obtained to be determined. The number of cells that 
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comprised the transgene was measured after staining with X-Gal, and after two 
measurements each carried 500 cells. 

These lines, at passages 9 and 18, were passed, after infection with vectors of the type 
GALV 18, for analysis of the evolution in that time of the number of transduced cells as 
well as of the proportion of cells in the heart of the culture, the selection of transduced 
cells being impossible with the vector GALV 18. The cultures were separated once 
every week to % of the confluence in the 150 cm 2 supports. During the separation, the 
number of cells used were counted, not taking into account the living cells, after staining 
with Trypan blue. The total number of cells obtained in one week was measured after 
discarding the dead cells in the culture, but taking into account the dead cells during the 
separation. The manual count of ceils was carried out by two observers independently, 
on the basis of one sample of the cellular suspension. The evolution of the theoretical 
total number of tenocytes could be calculated and represented by means of a curve. 
The percentage of transduced cells was measured after staining with X-Gal, by 
manually counting two samples of 500 elements each. The repetitive number of 
transduced cells counted confirmed the reliability of this count, undertaken over a period 
in excess of 45 days, starting from two transduced lines. 

EXAMPLE 4: TRANSFER OF GENES INTO TENOCYTES IN VIVO 

This example demonstrates the possibility of transferring recombinant nucleic acids into 
tenocytes in vivo. In particular, this example demonstrates the possibility of undertaking 
a non-viral transfer in vivo, particularly by means of naked DNA. 

In this example, the trials of transfection by plasmids was carried out in vivo into Achilles 
tendons. 

After determination of the injectable volume required for the mouse Achilles tendon (< or 
equal to 40 pi), the transfer trials were carried out in situ by injection of 20 and 40 pg of 
naked plasmids in order to study the possibility of transfection in vivo and to evaluate 
the time required for establishment of the transgene. The trials were carried out in order 
to facilitate the success of the transfer. Different conditions for the transfer were 
analysed while varying the formulation of the plasmid (naked or enclosed in PEI), the 
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quantity injected (between 3.5 and 40 pg) and the volume injected (from 0.5 to 40 pi). 
The injection was carried out per-cutaneously, in the open-air. 

The results of these transfections were examined qualitatively, macroscopically and 
histologically, as well as quantitatively by measurement of the (3-galactosidase activity. 

One trial of the transfer in situ was carried out by injection of 100 |jg of naked plasmids 
into the Achilles tendon in order to study the possibility of transferring in vivo in the 
rabbit. 

The tolerance of transfections was studied macroscopically and by histological 
examination particularly using counter-staining of the slides with HE. 

4.1 Animal models 

The 1 st model used was the male adult mouse, type OF1, SPF (specific pathogen free), 
weighing 40 g (IFFA-CREDO®). The anaesthesia was carried out with the use of 
Avertine® (tri-bromo-ethanol, 25 mg/ml) in a dose of 250 mg/kg, being about 400 pi 
administered by the intra-peritoneal route (IP). The mouse was sacrificed by cervical 
dislocation. 

The 2 nd model used was the male, 4-week-old New Zealand rabbit, weighing 2.5 kg 
(ESD 01 -France). The anaesthesia was carried out with the use of Hypnovel® 5 mg (1 
ml) administered intramuscularly and of Ketalar® (ketamine) in a dose of 80 mg/kg 
administered IM. The sacrifice was undertaken by injection IV of a lethal dose (50 mg) 
of Nesdonal® (thiopental). 

4_2jniection of naked or enclosed plasmids 

The plasmid used for transference in vivo was the CMV-LacZ. A non-LacZ plasmid 
(irrelevant), for example a GFP plasmid, was used as negative control. In trials with the 
mouse, the plasmids were used at different concentrations (from 1 pg to 7.25 pg/pl) and 
at different volumes (from 0.5 to 40 pi). For the rabbit, 100 pg to 1 pg/pl of plasmid 
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were used. The plasmids were used alone (naked plasmids) or in combination with 
pEI- 



The injection was carried out into and parallel to the tendon in an ascending manner, 
either per-cutaneously or after cutaneous incision to allow visual control of the position 
0 f the needle. Syringes delivering micro-volumes were used (Hamilton®). A 1 st series 
Q f per-cutaneous injections with methylene blue diluted to 1/10 were carried out in order 
to determine the maximum admissible volume in respect of the Achilles tendon of the 
mouse, without causing substantial diffusion. 

4 3^ Results 

Transfection in vivo into the mouse Achilles tendon 



initial series of injections of naked plasmid CMV-LacZ was carried out with the aim of 
evaluating the possibility of transfection in situ. The activity of the plasmids was 
analysed at 48 and 96 hours after per-cutaneous injection of the naked plasmids CMV- 
LacZ into the Achilles tendons of two mice. 

It became clear that the transfer after injection of 40 |jg of DNA seemed better than after 
the injection of 20 pg of DNA. The trans-gene was visible at J2 and at J4. The transfer 
seerned to be juxta-tendinous and not present in all sections. Examination of two 
tendons not injected with the plasmid CMV-LacZ, demonstrated the absence of any 
endogenous p-galactosidase activity. 

The feasibility of transferring at least the plasmid CMV-LacZ in situ was proven, the 2 nd 
stage being the study of the duration of activity of the trans-gene. The activity of the 
gene LacZ was analysed at J2, J4 and J8 in a series of nine mice. One per-cutaneous 
injection of 40 \jg of naked CMV-LacZ (1 \jgM) was undertaken into the right tendons 
while one per-cutaneous injection of 40 (jg of naked non-LacZ (irrelevant) plasmid DNA 
(1 pg/M') was undertaken into the left Achilles tendons. 

The histological study was undertaken at three intervals with staining with X-Gal on the 
slides of three mouse tendons. Examination of transverse serial sections showed the 
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pr^ sence of a marker on the right tendons (on a part of the section of each tendon) and 
th^ absence of a marker on all the sections of the left tendons providing negative 
evidence. Exhaustive examination of the tendons by transverse sections proved to be 
impossible because it would have been necessary to make 400 sections of each mouse 
tendon. 

examination of the tendons of six mice by staining with X-Gal in toto, permitted 
macroscopic sight of a blue zone at J2 and J8. Transverse sections, orientated onto the 
blue zones, provided for recovery of the bands of transduced cells. 

-p o summarise, a transgene is only recoverable in tendons injected with plasmid CMV- 
LacZ at the three separations of J2, J4 and J8, and the trans-genic activity was peri- 
te ndinous. No inflammatory reaction was seen to occur, either macroscopically or 
histologically. 

rtomparison between an injection of naked CMC-LacZ plasmid and one that is 
e ngjoggd with PEI 

The influence of a facilitating agent (PEI) on the transfer in vivo has been evaluated. 
T his study, carried out previously, has analysed the results obtained by injecting 
plasmid CMV-LacZ, naked and enclosed by PEI, into 4 Achilles tendons of the mouse. 
T he plasmids were injected in the same volumes (40 pi) after providing a controlling 
view of the site by a cutaneous incision. 

It was clear that during the injections, with the use of more than 10 pi of liquid there was 
leakage from the tendon. Also, the needle should remain in place for at least one 
minute in order to avoid reflux during withdrawal of the needle. 

The technique for staining X-Gal in toto undertaken over 48 hours, showed on the 
transverse sections centred macroscopically onto the blue zones of the tendons, that 
there was 0-galactosidase activity present in the deep regions of the tendons (Fig. 9). 
The difference in transfection intensity between naked plasmids and such enclosed by 
pEI, was not able to be quantified on histological sections. The staining, applied equally 
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to peri-tendinous tissue for investigation of diffusion, showed the absence of (3- 
galactosidase in peri-tendinous areas of the tendons. 

Injection of naked CMV-LacZ after cutaneous incision 

The presence of a cutaneous incision during the injection of plasmids, permits visual 
control of the injection procedure, as has been demonstrated in the preceding study. 
After validating this technique, analysis of the activity of the transgene was undertaken 
on the tendons of three mice. These tendons were injected with 40 pg of naked plasmid 
CMV-LacZ into the right side (under 40 pi) and with 40 pg of non-LacZ plasmid into the 
left side (under 40 pi). The transfer of gene LacZ was analysed by staining with X-Gal 
in toto, that is to say, onto the entire excised tendon (muscle-tendon and peritendinous 
tissue), over 48 hours. The macroscopic results were very positive in respect of three 
right-hand tendons and negative in respect of the left-hand tendons that served as 
controls (Fig. 9). The blued transduction zones were very restricted and localised on 
the tendon and para-tendon. The histological sections, of good quality, demonstrated 
the presence of trans-gene in the interior of the tendon, proving that transduction of 
intra-tendinous cells was possible by means of an adapted injection technique. In all 
cases, the transfection zones were localised, that is, limited to the trauma caused by the 
pointed edge of the sloped edge of the needle (Fig. 9). 

The intensity of the activity of the gene LacZ has been studied over 48 hours from the 
transfection in situ of tendons of one series of four mice. The tendons were injected, 
under visual control, with a volume of 20pl containing 40 pg of DNA (2 pg/pl). Six of the 
eight tendons were injected with the plasmid CMV-LacZ, the two others with a non-LacZ 
plasmid (control). After removal at 48 hours, the tendons were randomly separated into 
two groups, each group having one control tendon The 1 st group was examined by a 
staining technique with X-Gal in toto, while the 2 nd group was examined with the use of 
a chemo-luminescence kit that allowed quantification of the activity of p-galactosidase. 
The aim of the study using these two techniques in parallel, was to verify that the 
technique using the kit, analysing only the tendon, was carried out on the tendons 
actually transduced as could be demonstrated by macroscopic and histological studies 
undertaken on the other group of tendons. 
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The staining technique with X-Gal in toto, a good quality technique, has confirmed the 
presence of transduced cells in the tendons injected with the plasmid CMV-LacZ and 
that the control tendon was negative. 

The quantification of the (3-galactosidase activity by means of the chemo-luminescent 
kit showed that a there is a close degree of activity in the three tendons injected with 
plasmid CMV-LacZ (table IV). Each value was determined twice, the conversion was 
carried out starting from the range having a coefficient of determination R 2 equal to 
0.998, which demonstrates the precision of the conversion calculations. 

Injection of naked CMV-LacZ plasmids at different volumes and concentrations 

Different possible formulations for the plasmids have been analysed with a view to 
optimising the in situ transfer. The aim was firstly, to study the effect of the injected 
volume on the given concentrations. In order to preserve a sufficient quantity of 
plasmids, the maximum injectable volume into one tendon being 10 pi, the 
concentration used was 7.25 \jg/[*\. Different conditions of in vivo transfection were 
studied 48 hours after the injection of naked plasmid CMV-LacZ in a series of five mice. 
Nine tendons were injected with a variable volume between 0.5 and 8 pi of plasmid 
CMV-LacZ. The last tendon serving as control was injected with a non-LacZ plasmid. 
The results of the transfections were evaluated by measurement of the p-galactosidase 
activity with the use of the chemo-luminescence kit. The results of the two distinct 
measurements, undertaken at different times, demonstrated the variation in the value of 
each sample (table V). 

Transfection in vivo in the Achilles tendon of the rabbit 

A study of the distribution of the gene LacZ after pure intra-tendinous injection with 100 
pg of naked CMV-LacZ plasmid with a dose of 1 pg/|jl into two Achilles tendons in the 
rabbit, demonstrated the usefulness pf plasmid transfer. The evidence for the transfer 
was provided by the staining standard for X-Gal. The histological transverse sections 
prepared after 24 hours, were directed at the injected zone: The transfer was strictly 
intra-tendinous and no staining was observed outside the target area of the injection. 
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Taking into account the large size of the tendons, only a certain number of sections 
could be prepared. 

Analysis of the tolerance of transfections in vivo 

With the microscopic examination of the mouse or rabbit tendons, there was no sign of 
inflammation either within the tendon, on the tissues surrounding the tendons or in the 
articulation of the ankle. 

With microscopic analysis, enhanced by counter-staining with HE, no infiltration by 
mononuclear cells was observed around the tenocytes transduced by the gene LacZ. 

Consequently, the assemblage of results obtained demonstrates that the transfer of 
plasmids in vivo within tenocytes is possible either with naked DNA or in association 
with a facilitating agent (of the cationic polymer type), that the transfer promotes the 
activity of a recombinant gene within the tenocytes in vivo, and that the transfer does 
not induce inflammation around the transduced cells nor any modification in volume of 
the tendon. 

EXAMPLE 5- IMPLANTATION IN VIVO OF TENOCYTES GENETICALLY MODIFIED 
IN VITRO 

The trials on the transfer of genes were carried out on tendons via the intermediation of 
genetically modified homologous tenocytes ex vivo (particularly transduced by the 
retrovirus GALV 18). 

A 1 st trial studied the possibility of detecting the early activity of the transgene, during 
the re-implantation of 5 x 10 6 transduced tenocytes. The following trials evaluated the 
length of time taken for the activity of the transgene, by means of an analysis over 
different periods (from 24 hours to 26 days) following implantation of 5 x 10 6 of 
transduced tenocytes. The tolerance to transfer ex vivo was studied particularly 
carefully during macroscopic and histological examinations. 

5.1 Animal model 
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Male New Zealand rabbits, seven years old and weighing 2.5 kg (ESD 01 -France) were 
used. The anaesthesia was carried out with the use of Hypnovel ® 5 mg (1 ml) 
administered IM, and of Ketalar ® (ketamine) in a dose of 80 mg/kg via IM. The 
sacrifice was carried out by IV injection of a lethal dose (50 mg) of Nesdonal® 
(thiopental). 

5.2 Cellular preparations 

The implanted or re-implanted cells used were the autologous or homologous 
(allogenic) tenocytes. A variable number of tenocytes (from 2 x 10 6 to 5 x 10 6 cells), 
contained in a volume of 250 I of a solution of DMEM, were used. The tenocytes were 
freshly infected, or derived from a transduced line, with vectors of the type GALV 18 
carrying the gene nis-LacZ. 

5.3 Injection of the cells 

The operative zone was prepared in respect of aseptic surgical conditions. The 
injection of the cellular preparation was carried out into the tendon or into its covering, 
parallel to the tendon and after a cutaneous incision that allowed visual control of the 
intervention. A 1 ml syringe of the "insulin" type was used with a needle of 22 G. The 
cutaneous incision was closed with a simple nylon thread suture. 

5.4 Results 

The trials of transfer ex vivo were carried out on the patellar tendons of a 4-week-old 
male rabbit of the New Zealand type. 

Study on the prompt transfer procedure 

With the aim of evaluating the possibility of transferring a gene ex vivo, the introduction 
of a transgene into a healthy patellar tendon was analysed in the short term. The re- 
implantation into each of the patellar tendons of the rabbit of 5 x 10 6 homologous 
tenocytes was studied after a delay of 24 hours. Amongst the tenocytes of passage 18, 
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freshly infected, 60 per 100 had been transduced. The implantation of these tenocytes 
was carried out into intact tendons after cutaneous incision avoiding the covering. The 
1 st side was injected into the covering of the tendon, the 2 nd into the tendon itself. 

Macroscopic and histological analysis (with staining of the slides), undertaken at 24 
hours, indicated the absence of cutaneous adhesions and of any inflammation reactions 
articular or extra-articular). The gene marker was very clearly discernable on the 
histological sections using a staining with X-Gal on the slides (Fig. 10). 

Study on duration of the detection of the transgenes 

Analysis of the transfer of J2 to J8 

The analysis carried out in the short term having demonstrated the possibility of 
transferring ex vivo and its detection by histological technique using staining on the 
slides, a second study was done that comprised examination of the time taken by the 
activity of the transgene within the intact tendons of the rabbit. The re-implantation into 
each of the patellar tendons, of 5 x 10 6 tenocytes was studied at delays of 2, 4 and 8 
days. Amongst the tenocytes (at passage 28 starting from an infected line at passage 
18), 88 per 100 had been transduced. The implantation of these tenocytes was carried 
out into the interior of the tendon, after cutaneous incision avoiding the covering. The 
1 st side was injected with transduced tenocytes, the 2 nd with non-transduced tenocytes. 

Macroscopic analysis showed that cutaneous adhesion was absent and there was no 
inflammation reaction (either articular or extra-articular). Thickening of the covering was 
observed up to the 4 th day. 

Histological analysis using staining with X-Gal on the slides showed the presence of 
marker genes at J2, J4 and J8 (Fig. 10). All sections of the tendons having received the 
transduced tenocytes, exhibited the presence of a marker gene, whereas the sections 
of control tendons showed an absence of that gene. The transduced cells were less 
visible and seemed to be dispersed at J8, analysis at high magnification, however, 
showed the persistent presence of the transgene. 
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The injection of 5 x 10 6 homologous tenocytes was studied on four intact patellar 
tendons after a delay of 48 hours. Amongst these tenocytes (at passage 32, starting at 
an infected line at passage 18), 89 per 100 had been transduced. The implantation of 
these tenocytes was carried out into the interior of the tendon after cutaneous incision 
avoiding the covering. The 1 st side was injected with transduced tenocytes, the 2 nd side 
with non-transduced tenocytes. 

Macroscopic examination of the activity of the transgene allowed the transduction zone 
to be localised on the tendon and the sections to be orientated. The transduced 
tenocytes were located inside the tendon but also in its covering (Fig. 11). There was 
no observed transduction on the control tendon, nor was there any in the covering nor 
inside the tendon (Fig. 11). Examination of the peri-tendinous tissue in a search for any 
diffusion of marker beyond the covering , showed it to be absent. The technique of 
staining in toto proved this to be of good histological quality and allowed for staining with 
HE. The sections of control tendons confirmed the absence of any transgenes. 

Using the chemo-luminescent technique, (3-galactosidase activity measured in a 
transduced tendon was 4070 pg against a control at 0 pg. 

Analysis of the transfer of J8 to J26 

After improving the analytical methods of transfer ex vivo, it was interesting to study the 
duration of activity of the trans-gene in the intact tendons after 8 days. The re- 
implantation of 5 x 10 6 homologous tenocytes via the patellar tendon, was studied at 
delays of 8, 14 and 26 days. Amongst these tenocytes, (at passage 33, starting at an 
infected line at passage 18), 94 per 100 were transduced. The implantation was carried 
out into the interior of the tendons after completing a cutaneous incision avoiding the 
covering. The two sides were injected with transduced tenocytes. The control without 
staining were Achilles tendons from the same rabbit, injected with non-transduced 
tenocytes. 

An analysis was carried out simultaneously with the 1 st side, the staining technique in 
toto, and the 2 nd side, the quantification of the B-galactosidase activity by the chemi- 
luminescence kit. 



"S PAGE LEFT BLANK 



54 

Macroscopic analysis demonstrated the absence of any cutaneous adherence and of 
any inflammation reaction (articular or extra-articular). Macroscopic viewing of the 
transgene activity was possible on the tendon up to J 14. 

Histological analysis using the in toto staining technique, showed the persistence of the 
marker gene at J8, J14 and J26 on the sections centred on the macroscopically visible 
stained zone. Nine sections were prepared for each tendon. All the sections of tendons 
that had received transduced tenocytes, exhibited the presence of marker gene, 
whereas those from control tendons showed an absence of this gene. The dispersion 
of transduced cells in the tendon was increased at J8 and J26. The quality of the 
sections after staining in toto was comparable to that of the classical technique, as was 
demonstrated on the slides prepared after the 8 th day of decline. After the last delay, 
images of reactions to foreign bodies were visible around the mass of [3-galactosidase. 

Analysis of the tolerance to gene transfer ex vivo 

With macroscopic examination of patellar tendons after implantation of transduced 
tenocytes, no sign of inflammation was observed at the level of the tendon, of the peri- 
tendinous tissue or of the knee articulation. 

With microscopic examination, improved by counter-staining with HE, no infiltration by 
mono-nuclear cells was seen around homologous tenocytes, whether transduced or 
not, in the early stages. 

SUMMARY 

By way of summary, the results obtained particularly demonstrate that: 

• The tenocytes can be isolated from tendons, then cultured en masse with the aim 
of undertaking their transplantation; 

• The tenocytes can be transduced very effectively in vitro by means of using the 
retrovirus vector GALV 1 8; 



55 



The activity of transgenes in tenocytes transduced by a retroviral vector is stable 
in a culture beyond 45 days; 

The transfer of a gene is possible in vivo by means of naked or enclosed 
plasmids of PEI as intermediary, which have a persistant activity for 8 days; 
The activity of a transgene in vivo, after implantation of transduced tenocytes into 
tendons, is still present by the 26 th day. 
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Table 1: Time taken for doubling the number of tenocytes of the rabbit in 

vitro 

Doubling Time (hours) 



Number of 
Separations 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Trial 1 


105 


325 


95 


247 


297 


220 


319 


198 


121 


79 


Trial 2 


277 


80 


58 


59 


73 


54 


40 









Table II: Degree of infection of the rabbit tenocytes as a function of their 
degree of confluence and renewal or not of the viral 
supernascent material 

Single Supernascent Supernascent Supernascent 

Renewed once Renewed twice 



Table III: Evolution of the total 
tenocytes 

Delay Time Number of 

(days) Tenocytes (exp.1) 



theoretical number of transduced 

Number of 
Tenocytes (exp.2) 



Table IV: Rate of p-galactosidase detected by the chemo-luminescent kit 
at 48 hours 
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Plasmid 
Measurement 



Table V: Rate of p-galactosidase after transfer in situ by the naked 
plasmid CMV-LacZ 

Note: Two measurements (1 & 2) carried out at different times 
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CLAIMS 

1 . A composition characterised in that it comprises autologous and/or allogenic 
tenocyte cells of human origin. 

2. A composition according to Claim 1, characterised in that it comprises a culture 
of autologous and/or allogenic tenocytes in vitro or ex vivo. 

3. A composition according to Claim 1 or 2, characterised in that it comprises 
genetically modified autologous and/or allogenic human tenocytes. 

4. A composition according to any one of Claims 1 to 3, characterised in that it is 
contained in a type of device as an ampoule, syringe, phial, pocket or box. 

5. A composition according to any one of Claims 1 to 4, characterised in that it 
comprises tenocytes prepared from a tendon. 

6. A composition according to Claim 5, characterised in that it comprises 
tenocytes derived from a tendon of a muscle of the goosefoot region, from a 
tendon of a small palm muscle, from the tendon of the plantar spindle muscle, 
from the tendon of the anterior fibula muscle, from the quadricipital tendon, 
from the patellar tendon or from the Achilles tendon. 

7. A composition according to any one of the Claims 1 to 4, characterised in that it 
comprises tenocytes prepared from a ligament. 

8. A composition according to any one of the Claims 1 to 4, characterised in that it 
comprises tenocytes prepared from an apo-nerve. 

9. A composition characterised in that it comprises genetically modified human or 
equine tenocytes and an excipient. 

10. A composition according to Claim 9, characterised in that it comprises 
genetically modified human tenocytes. 
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11. An isolated and genetically modified tenocyte cell, characterised in that it 
contains a re-combinant nucleic acid coded with a growth factor and/or a factor 
inhibiting an inflammation reaction. 

12. A composition characterised in that it comprises frozen tenocytes. 

13. A composition for the preservation of tenocytes, comprising tenocytes and at 
least one compound selected from: 

a. dimethyl sulphoxide 

b. a modified gelatin 

c. a polysaccharide, or 

d. glycerin 

14. The use of human tenocytes for the preparation of a composition intended for 
implantation in vivo. 

15. The use according to Claim 14, characterised in that the tenocytes are used for 
the preparation of a composition intended for use in a therapeutic treatment 
method, for diagnostic or surgical use on the human body. 

16. The use according to Claim 15, characterised in that it comprises the use of 
autologous, allogenic or xenogenic tenocytes. 

17. The use according to any one of the Claims 14 to 16, characterised in that 
tenocytes cultured in vitro are used. 

18. The use according to any one of the Claims 14 to 17, characterisejd in that 
genetically modified tenocytes are used. 

19. The use according to Claim 18, characterised in that tenocytes are used that 
contain a recombinant nucleic acid coding a growth factor and/or a factor 
inhibiting an inflammation reaction. 
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20. A process for genetically modifying a tenocyte in vitro or ex vivo, characterised 
in that it comprises placing a tenocyte into contact with (i) naked DNA, or (ii) a 
pseudo-typed recombinant retro-virus having a GALV covering. 

21. The use of a composition comprising (i) naked DNA, or (ii) a pseudo-typed 
recombinant retro-virus having a GALV covering, for the preparation of a 
composition intended for transfer of this DNA into the tenocytes in vivo. 

22. The use of a recombinant nucleic acid for the preparation of a composition 
intended for genetic modification in vivo of a human tenocyte. 

23. The use according to Claim 14, of a population of autologous, allogenic or 
xenogenic tenocytes or fibroblasts for the preparation of a composition intended 
for implantation or administration into a tendon or ligament. 

24. The use according to Claim 14, of a population of autologous, allogenic or 
xenogenic tenocytes or fibroblasts for the preparation of a composition intended 
for promotion of healing of a torn or ruptured muscle. 

25. A process for the production of tenocytes, characterised in that it comprises: 

. The removal of a biological tissue fragment that comprises tenocytes, 
preferably of human origin; 

- The treatment of this fragment for the disassociation of tenocytes, in the 
presence of a collagenase, and 

- The placing of tenocytes into culture and multiplying them in vitro by 
successive passages, preferably by seeding to a density corresponding to 
one quarter of the confluent medium. 

26. A process according to Claim 25, characterised in that it comprises a stage in 
which the tenocytes are frozen, preferably in a medium according to Claim 13. 
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27 A process according to Claim 25 or 26, characterised in that it comprises a 
stage for the genetic modification of the tenocytes, preferably according to 
Claim 20. 
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MODIFIED CLAIMS 

[As received from the International Bureau on 7 March 2001 (07.03.01); original 
Claims 1-27 are replaced by new Claims 1 - 26 (3 pages)] 



1 . A composition characterised in that it comprises autologous and/or allogenic 
tenocyte cells of human origin. 

2. A composition according to Claim 1 , characterised in that it comprises an in 
vitro or ex vivo culture of autologous and/or allogenic tenocytes. 

3. A composition according to Claim 1 or 2, characterised in that it comprises 
genetically modified autologous and/or allogenic human tenocytes. 

4. A composition according to any one of the Claims 1 to 3, characterised in 
that it is contained in such a type of device as an ampoule, syringe, phial, 
pocket or box. 

5. A composition according to any one of the Claims 1 to 4, characterised in 
that it comprises tenocytes prepared from a tendon. 

6. A composition according to Claim 5, characterised in that it comprises 
tenocytes prepared from the tendon of a muscle in the region of the 
goosefoot, from the tendon of the small palm muscle, from the tendon of the 
plantar spindle muscle, from the tendon of the anterior fibular muscle, from 
the quadricipital tendon, from the patellar tendon or from the Achilles 
tendon. 

7. A composition according to any one of the Claims 1 to 4, characterised in 
that the tenocytes have been prepared from a ligament. 
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8. A composition according to any one of the Claims 1 to 4, characterised in 
that the tenocytes have been prepared from an apo-nerve. 

9. A composition according to Claim 3, characterised in that it comprises 
genetically modified human tenocytes and an excipient. 

10. A composition according to Claim 3 or Claim 9, characterised in that it 
comprises genetically modified tenocytes supporting a recombinant nucleic 
acid coded for a growth factor and/or a factor inhibiting an inflammation 
reaction. 

11. A composition according to any one of the Claims 1 to 10, characterised in 
that it comprises frozen tenocytes. 

12. A composition according to any one of the Claims 1 to 1 1 , characterised in 
that it is used for the preservation of tenocytes, comprising tenocytes and at 
least one compound selected from: 

a. Methyl sulphoxide 

b. A modified gelatin 

c. A polysaccharide, or 

d. Glycerin 

13. The use of human tenocytes for the preparation of a composition intended 
for implantation in vivo. 

14 The use according to Claim 13 of tenocytes for the preparation of a 
composition intended for use in a therapeutic treatment method, for 
diagnostics or surgical interventions on the human body. 

15 The use according to Claim 14, characterised in that it comprises 
autologous, allogenic or xenogenic tenocytes. 
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16 The use according to any one of the Claims 13 to 15, characterised in that it 
comprises tenocytes cultured in vitro 

17. The use according to any one of the Claims 13 to 16, characterised in that it 
comprises genetically modified tenocytes. 

18. The use according to Claim 17, characterised in that it comprises tenocytes 
containing a recombinant nucleic acid coded for a growth factor and/or a 
factor inhibiting an inflammation reaction. 

19. A process for the preparation of a composition claimed in any one of the 
Claims 3 or 9, characterised in that it comprise in vitro or ex vivo contact 
between a tenocyte and (i) naked DNA or (ii) a recombinant retrovirus 
pseudotype having a GALV covering. 

20. The use of a composition comprising (i) naked DNA or (ii) a recombinant 
retrovirus pseudo-type with a GALV covering, for the preparation of a 
composition intended for transfer in vivo of this DNA into human tenocytes. 

21. The use of a recombinant nucleic acid form the preparation of a 
composition intended for the in vivo modification of a human tenocyte. 

22. The use according to Claim 13, of a population of autologous, allogenic or 
xenogenic tenocytes or fibroblasts, for the preparation of a composition 
intended for implantation or administration in a tendon or ligament. 

23. The use according to Claim 13, of a population of autologous, allogenic or 
xenogenic tenocytes or fibroblasts for the preparation of a composition 
intended for promotion of healing torn or ruptured muscles. 



24. A process for the production of a composition according to Claim 1 , 
comprising: 
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- The extraction of a fragment of biological tissue comprising tenocytes of 
human origin. 

- The treatment of a fragment of biological tissue for dissociation of 
tenocytes in the presence of a collagenase, and 

- The subjecting of the tenocytes to a culture procedure, and their 
multiplication in vitro by successive passages, preferably by seeding to a 
density corresponding to about a quarter of the confluence. 

25. A process according to Claim 24, characterised in that it comprises a stage 
for the genetic modification of tenocytes, preferably according to Claim 12. 

26. A process according to Claim 24 or 25, characterised in that it comprises a 
stage of genetic modification of the tenocytes, preferably in accordance with 
the Claim 19. 
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